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ABSTRACT 
 
This doctoral thesis investigates the central problem that most donor limits associated 
with the multiple use of sperm donors in donor insemination (DI) vary considerably 
between jurisdictions, despite no evidence-base. This thesis comprises seven linked 
papers which were submitted or published in peer-reviewed journals. The primary 
research question was: what are the factors pertinent to determining limits on the multiple 
use of sperm donors in DI? The eight subsidiary questions then addressed issues relating 
to: 1) the variables used in previously published mathematical models that informed 
anonymous donor limits; 2) preserving the validity and reliability of the previous models; 
3) the factors requiring consideration when establishing limits on open-identity donors; 4) 
the value of generating anonymous donor limits using local variable values, and; 5) what 
is required to generate ‘all-inclusive’ limits for anonymous and open-identity donors. 
The method of investigation included analysis of previous and current legislation and 
policy regarding DI, and demonstrations based on both actual and simulated data. The 
central findings are: 1) previous models used for informing anonymous donor limits are 
outdated; 2) there are no comprehensive records of donors and their offspring available 
for informing evidence-based limits for donors; 3) there is limited research knowledge 
regarding the potential ‘relative risks’ associated with the multiple use of open-identity 
donors – that is, the possible negative impact on family relationships within the DI 
network; 4) the ‘relative risks’ associated with the multiple use of anonymous sperm 
donors – for instance, the point at which the population coefficient of inbreeding is 
increased by DI – varies considerably between local jurisdictions; and, 5) a new model is 
required to generate ‘all-inclusive’ limits. It is recommended that sperm donor limits 
should be evidence-based and locally-generated. Research is required to: 1) determine the 
factors that will inform limits on open-identity donors; and, 2) update the existing model 
to include variables that will enable generation of evidence-based ‘all-inclusive’ limits.  
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GLOSSARY 
 
‘All-inclusive’ sperm 
donor limits 
Limits based on both psycho-social considerations and 
consanguinity risk – in jurisdictions where both anonymous and 
open-identity donors are used. 
Anonymous sperm 
donor 
Donors who are regarded as anonymous either by virtue of 
historical convention or by default, in jurisdictions where the use 
of anonymous donors has been revoked but parents have not 
disclosed donor origins to their donor-inseminated offspring. 
Assortive mating The mating of individuals having similar qualities or 
constitutions  such as similar age, similar physical attributes or 
intelligence (phenotype), and living in same geographic 
locations. 
Coefficient of  
inbreeding (F) 
The probability that an individual has received both alleles of a 
pair from an identical ancestral source. 
Concurrent validity A form of criterion-related validity 
Consanguinity Indicates descent from a common ancestor. A consanguineous 
couple is usually defined as being related as second cousins or 
closer. 
Construct validity Refers to how well an instrument measures what it is intended to 
measure. 
Criterion-related 
validity 
The ability for an instrument to meet some criteria, such as 
predicting future outcomes (predictive validity) or have similar 
outcomes to other measures (concurrent validity). 
DI offspring Children born as a result of donated sperm.   
Familial Relating to or having the characteristics of a family. 
Gamete Mature reproductive cell: a sperm or an egg. 
Genetic 
characteristics 
Characteristics such as eye colour, height and IQ which are 
related to heredity and genetic background. 
Genetic heritage Determines an individual’s hereditary potentials and limitations. 
Genetic links Contact with individuals with a common genetic background. 
Instrumental 
variables 
Quantifiable variables that can be used in a model to represent 
intangible concepts which have been found to be very difficult 
or impossible to quantify. 
Non-genetic 
characteristics 
Characteristics, such as religion or socio-economic background, 
not related to genetic background. 
 xiv 
Open-identity sperm 
donor 
A sperm donor who has agreed to have identifying information 
disclosed to their donor offspring. 
Predictive validity A form of criterion-related validity. 
Recipient family In the context of this research – a single woman or a couple who 
undergoes DI treatment.   
‘Relative risk’ ‘Relative risk’ in this thesis refers to any of the genetic or 
psychosocial risks associated with the multiple use of sperm 
donors in donor insemination. 
Zygote A fertilized egg: cell formed by the union of sperm and an egg. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
CHAPTER 1: INTRODUCTION 
 
1.1 CONTEXT 
It is estimated that more than four million babies worldwide have been born using 
Assisted Reproductive Technology (ART) over the last 35 years, with about 250,000 
currently being born each year (de Mouzon et al., 2009; ESHRE, 2009) and  the number 
of ART procedures steadily rising: there was an increase of more than 25% between 2000 
and 2002 (the most recent year for which figures are available).  
The total number of offspring born specifically from donor sperm in donor insemination 
(DI), however, is not known; although most jurisdictions which support DI have limits on 
how many offspring a sperm donor can father and these limits range from one (Taiwan) to 
25 (Netherlands). There are reports, nonetheless, of an individual sperm donor in the 
United States (US) being responsible for one to two hundred pregnancies (DiLascia, 
2006; McWhinnie, 2001). 
The unrestricted use of anonymous sperm donors carries with it a greater risk of 
inadvertent consanguinity or inbreeding. In this context, inadvertent inbreeding –  
‘relative risk’ 1– occurs when a couple who do not know they are half-siblings, due to 
their biological father being a sperm donor, produce offspring that then have a far greater 
chance of suffering mental retardation or other congenital abnormalities than that of the 
general population (Rogers & Danks, 1978). 
To minimise the risks of inadvertent consanguinity or ‘relative risk’ through DI, many 
countries have introduced what are considered to be ‘safe’ or ‘acceptable’ limits to the 
number of offspring for each sperm donor. A majority of these limits, however, appear to 
have been arbitrarily set and despite the lack of any evidence-base, vary considerably 
between countries (Table 1). For instance, the limit in France is 5 offspring, in the United 
Kingdom (UK) it is 10 families, in Spain it is 6 offspring, one live birth in Taiwan and 25 
offspring per 800,000 residents in the Netherlands (de Boer, Oosterwijk, & Rigters-Aris, 
1995; Kuring, 2004; Wang et al., 2007).  
The factors that have been considered in setting sperm donor limits and which seem to 
have been the primary motivation for most countries (Janssens, 2003) are not evidenced-
 2 
based concerns regarding genetics, but are, in fact, psychosocial and cultural factors 
related to taboos against incest (Frances & Frances, 1976) and, in one case, what the 
average family size is likely to be if no contraception is used (Egeland, 1997).  
 TABLE 1. INTERNATIONAL LIMITS TO THE USE OF DONOR SPERM 
Country or 
Jurisdiction 
Limit for each sperm 
donor 
Manner of Regulation 
G = guidelines  L = legislation 
Population 
(millions) 
Austria 3  Families (L) 8.3 
Belgium 10 Offspring (L) 10.8 
Finland 5 Recipients (L) 5.3 
France 5 Offspring (L) 65.5 
Germany 10 Offspring (L) 81.7 
India 10 Offspring (G) 1176.5 
Hong Kong SAR 3 Offspring (L) 7.0 
Netherlands 25 per 800,000 residents Offspring (L) 16.5 
New South Wales  5 Recipients (L) 6.6 
New Zealand 10 Offspring (L) 4.3 
Norway 7 or 14 Families or Offspring (L) 4.8 
Singapore 3 Offspring (G) 4.9 
Spain 6 Offspring (L) 45.9 
South Africa 5 Offspring (G) 49.3 
Sweden 6 Offspring (L) 9.3 
Switzerland 8 Offspring (L) 7.7 
Taiwan 1 Live Births (L) 23.1 
United Kingdom 10 Families (L) 62.0 
United States 25 per 800,000 residents Births (G) 308.5 
Victoria (Australia) 10 Families (L) 5.2 
Western Australia 5 Families (L) 2.2 
 
Source: Adapted from: Donor Limits – Considerations beyond supply and demand (Kuring, 2004); Donor-
conceived people’s access to genetic and biographical history: An analysis of provision in different 
jurisdictions permitting disclosure of donor identity (Blyth & Frith, 2009); and, IFFS Surveillance 2007 
(Jones, Cohen, Cooke, & Kempers, 2007) 
It appears that medical-genetic issues, such as late onset genetic disorders (Gebhardt, 
2002; Sheldon, 2002) or a donor cohort’s potential influence over the gene pool (Daniels 
& Golden, 2004; DiLascia, 2006) are of secondary consideration, with the setting of 
limits rarely discussed from a scientific, evidence-based or mathematical viewpoint 
(Janssens, 2003; Kuring, 2004; Wang et al., 2007) 
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Furthermore, there is limited research knowledge regarding how and why limits have 
been established or how the revocation of anonymity will impact on open-identity donors 
and their offspring (Kuring, 2004). 
The primary aim of the current research was to investigate the factors that require 
consideration when determining sperm donor limits to control for the ‘relative risks’ 
associated with the multiple use of donors in donor insemination. Secondary aims 
encompass: 1) Reviewing the models that have influenced the setting of evidence-based 
anonymous donor limits in some jurisdictions; 2) Assessing if a previously used model 
can be used to determine contemporary anonymous donor  limits; 3) Describing the need 
for nationally-mandated comprehensive donor-records to inform the establishment of 
evidence-based donor limits; 4) Discussing how donor records can reduce the ‘relative 
risk’ associated with donor insemination; 5) Investigating the impact of federal legislation 
on the four primary stakeholders in DI – treatment providers, donors, recipient families, 
and DI offspring – particularly in regards to the revocation of donor anonymity; 6) 
Exploring what factors require consideration when determining limits for open-identity 
donors; 7) Illustrating how locally-generated anonymous donor limits can assist in making 
the optimum use of available donors: and, 8) Describing how the development of an up-
dated internationally applicable model would be useful in determining evidence-based 
‘all-inclusive’ limits where both anonymous and open-identity donors are used. 
1.2 JUSTIFICATION AND RATIONALE 
There were three main reasons for conducting this doctoral study: 
Firstly, in 2004 the then Infertility Treatment Authority (ITA) in the Australian 
state of Victoria undertook a review of current policy concerning interstate, international 
and local considerations regarding sperm donor limits. It was revealed that that there is no 
standard or internationally recognised limit to the use of donor gametes that, world wide, 
despite a population difference of 57 million people, there is a limit of ten families per 
donor in both the UK and the Australian state of Victoria (Table 1). Similarly, in spite of 
similar populations, France permits five offspring per donor while the United Kingdom 
permits ten families. Possible explanations for such variation include: a lack of thorough 
investigation and research into the issues that inform the establishment of limits; a failure 
to document those issues; protection of donor anonymity; availability of donors; and 
commercial donation arrangements (Kuring, 2004). 
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Secondly, donor anonymity has been revoked in a number of European countries, 
including the UK; New Zealand; and, three Australian states (Victoria, New South Wales 
and Western Australia). ART authorities now must consider limiting donors, not only 
because of the genetic risks associated with inadvertent consanguinity but also because of 
the complex social relationships that are now possible with the revocation of anonymity. 
Thus, limiting the number of sperm any one donor can donate is now an urgent 
psychosocial concern as well as a biological issue: 1) in jurisdictions that mandate the use 
of open-identity donors there is an urgent need to conduct research into the psychosocial 
impact of revocation and determine suitable limits for use with these donors; 2) in 
countries that continue to mandate the use to anonymous donor there is the need to 
develop an updated, internationally recognized model for calculating donor limits; and, 3) 
in countries that support the use of both anonymous and open-identity donors (such as in 
the United States) there is the need for a new model for calculating ‘all-inclusive’ sperm 
donor limits. 
Thirdly, in the Australian context – as is the case in the US – there are only guidelines at 
the national level. The Reproductive Technology Accreditation Committee (RTCA) Code 
of Practice is the only body regulating the donor industry at the national level in 
Australia. For clinics to be accredited the RTAC has stipulated that they not use 
anonymous donors. However, clinics can still operate without accreditation – it is only an 
RTAC recommendation to not use anonymous donors, not a mandatory requirement – and 
donors only have to agree in principle regarding anonymity and are able to change their 
minds at a later date (Cohen, 2005). Thus, anonymous donors are still used by some 
clinics in the states that do not have state legislation revoking anonymity. Thus, there is 
no consistent national regulation or mandate regarding sperm donor limits in Australia. 
For instance, the Victorian Assisted Reproductive Treatment Authority (VARTA) 
regulation permits the use of a single donor’s gametes to produce no more than ten 
families throughout Australia (Kuring, 2004) and this legislation overrides RTAC 
guidelines that stipulates the use of donor gametes in ten families within a given state 
(Kuring, 2004). There is a need to consider how consistency in policy can be achieved: to 
promote the well-being of all the stake-holders – DI providers, donors, recipient families 
and DI offspring – who are involved in the DI process. 
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In summary, there were three compelling reasons to investigate the factors influencing the 
setting of donor limits, in all jurisdictions that support DI. Firstly, international donor 
limits are in place that do not relate to population size or have any evidence-based; 
secondly, the impact of revoking anonymity on familial relationships requires 
investigation (Kuring, 2004), and limits designed to accommodate these; and, thirdly, in 
Australia, there is currently no national legislation pertaining to the management of DI 
and a considerable difference between the states in regards to how donor limits and donor 
anonymity are managed. 
1.3 SIGNIFICANCE OF RESEARCH 
This section outlines the significance of this research and the substantial contribution to 
knowledge it provides regarding the setting of sperm donor limits; the advantages of an 
empirical approach to the consistent regulation of the DI industry, locally, nationally and 
internationally; and the issues that require consideration with the revocation of donor 
anonymity. 
Although many countries have limits to the number of offspring each anonymous sperm 
donor can father, these limits vary considerably between countries and in a majority of 
countries these limits are not based on evidence (Sawyer & McDonald, 2008). There is 
therefore a need to develop an internationally applicable model for determining evidence-
based donor limits for anonymous donors – to control for the risk of inadvertent 
inbreeding. Furthermore, due to the complex social relationships that will now be possible 
with the revocation of donor anonymity research needs to be undertaken into the possible 
social and familial consequences – ‘relative risks’ such as invasion of privacy and the 
management of potentially large numbers of DI children and half-siblings – of using 
open-identity sperm donors, and guidelines and limits be developed for the management 
of psychosocial and cultural factors that will impact of DI families. 
Specifically, in Australia there needs to be an investigation into the implications and 
outcomes of the complex interfamily relationships made possible through the revocation 
of anonymity in the Australian States of Victoria, New South Wales and Western 
Australia, and consideration given to the establishment of a consistent national approach 
to regulating access to ART and DI, and the use of donor sperm (Sawyer, 2009a, 2010a). 
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Some state and regulatory bodies have expressed these same concerns and as part of the 
consultative process leading up to the implementation of the Assisted Reproductive 
Treatment Act 2008 (Vic), the Victorian Law Reform Commission investigated the 
current eligibility criteria in Victoria as regards to assisted reproduction and adoption 
(Consultation Paper, 2003). It recommended, among other things, that ART technologies 
be available to single people and to homosexual couples who wish to become parents – as 
was already the case in other Australian states – and that the rights and best interests of 
the child, although very important in the context of infertility treatment (Nicholson, 
2006),  were not to be the sole factor considered when it came to eligibility and access to 
ART (including DI): the economic, cultural and psychological welfare of the parents also 
needed to be considered, as ultimately their welfare will impact upon the quality of life of 
their offspring. These recommendations were based, in part, on conclusions expressed in 
two occasional papers - ‘The Convention on the Rights of the Child: The Rights and Best 
Interests of Children Conceived Through Assisted Reproduction (Tobin, 2004) and 
‘Outcomes for Children Born of ART in a Diverse Range of Families’ (McNair, 2004). 
These recommendations were ultimately incorporated into the 2008 Act. 
Furthermore, the Australian government National Research Priorities Goals: Research 
Priority 2 is that of Promoting and Maintaining Good Health by: 
‘Developing strategies to promote the healthy development of young Australians, and 
addressing the causes of and reducing the impact of the genetic, social and 
environmental factors which diminish their life potential will be critical’ [and] 
‘Counteracting the impact of genetic, social and environmental factors which 
predispose infants and children to ill health’ [and] ‘understanding and strengthening 
key elements of Australian social and economic fabric to help families and individuals 
live healthy, productive, and fulfilling lives.’ (Australian Government, 2003) 
In summary then, there is a need to establish a consistent national approach to regulating 
access to ART and the use of donor sperm in Australia. Furthermore, limits on the use of 
donor sperm, world-wide, are important not only to contain ‘relative risk’ and the 
probability of inadvertent consanguinity to acceptable limits – in jurisdictions where 
anonymous donors are used – but to manage the complex social relationships now 
possible with the removal of anonymity and the increasing use of open-identity donors in 
many countries. Currently, there is no standard or internationally recognized model for 
generating evidence-based limits on the number of offspring an anonymous sperm donor 
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can father.  A mathematical model has been published (Curie-Cohen, 1980) that can be 
used to inform the setting of anonymous donor limits but it is based on data and 
assumptions which are now outdated (Sawyer & McDonald, 2008). Furthermore, it has 
only been adapted and used to inform legislation in two jurisdictions (de Boer et al., 1995; 
Wang et al., 2007). 
In this research I discuss the need for the development of an internationally recognised 
model that can be used at a state or national level for calculating acceptable limits on the 
use of anonymous sperm donors and suggest that an updated mathematical model for 
determining evidence-based anonymous sperm-donor limits would assist policy makers in 
addressing the existing lack of consistency in regards to the regulation of DI. Further to 
this, I emphasize the urgency for research into the social and familial consequences of the 
revocation of sperm donor anonymity and describe why there is the need for guidelines 
concerning the management of the psychosocial and cultural factors that will influence 
the setting of limits for open-identity donors. I also discuss the fact that records – which 
keep track of donors and their DI offspring – are essential for informing an updated model 
and necessary to inform the mechanisms that will support and manage the psychosocial 
and cultural impact of the increasing use of open-identity donors. A closer investigation 
into the use of instrumental variables would assist in the inclusion of these psychosocial 
considerations into a mathematical model (Greenland, 2000; Lloyd, 2007), once they 
have been identified. Instrumental variables are quantifiable variables that can be used in 
a model to represent intangible concepts which have been found to be very difficult or 
impossible to quantify. Instrumental variables are highly correlated with the abstract 
variables they represent and enable the inclusion of variables into a mathematical model 
that could take into account, for instance, psychosocial factors relevant to DI treatment in 
jurisdictions that use both anonymous and open-identity donors. 
1.3.1 CONTRIBUTION TO KNOWLEDGE 
This doctoral study aims to make a significant contribution to knowledge in two key 
domains: theoretically and methodologically. 
1) Theoretically: World-wide, only two jurisdictions (the Netherlands and 
Taiwan) have used a mathematical model to inform legislation in regards to limits on the 
use of anonymous sperm donors to reduce the risk of inadvertent inbreeding (Curie-
Cohen, 1980; de Boer et al., 1995; Wang et al., 2007) – all others do not have legislation 
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or have arbitrarily set limits, with no evidence-base. There needs, however, to be a 
paradigm shift by regulatory authorities and law reformers – in all jurisdictions that 
support the use of DI – from primarily focusing on the avoidance of inadvertent 
inbreeding to include the broader psychosocial issues of managing the complex familial 
relationships now possible and probable in the current socio-political climate of 
disclosure and revocation of donor anonymity. An evidence-based model must embrace 
this paradigmatic shift and, if possible, include ‘non-genetic’ factors that can inform ‘all-
inclusive’ limits on donor use in jurisdictions, such as the US, where both anonymous and 
open-identity donors are used, as well as in jurisdictions where anonymity is still 
mandated. There is, however, no point in adapting a mathematical model to accommodate 
these broader issues if the lack of consistent regulation and record keeping in the DI 
industry are not simultaneously addressed. A mathematical model is only useful if it is 
used to inform regulation and legislation. In jurisdictions where anonymity has been 
revoked research is urgently required to establish criteria on which to establish evidence-
based limits on the use of open-identity donors. 
2) Methodologically: Previous models used to determine anonymous donor limits 
are found to be outdated and limited, with questionable face and criterion-related validity 
(Sawyer & McDonald, 2008). It is my contention that a new, improved model or models 
that are more representative, transferable and reflective of the current trends in fertility, DI 
practice and stakeholder interests are required, especially in the current climate of 
disclosure and revocation of anonymity in many jurisdictions. Recently, it has been 
suggested that because of the increasing use of open-identity donors that psychological, 
rather than genetic, considerations may be the basis for setting donor limits (Scheib & 
Ruby, 2009).  I suggest, however, that the use of instrumental variables (Greenland, 2000; 
Lloyd, 2007) could enable the inclusion of variables into the model that account for 
psychosocial factors in jurisdictions that use both anonymous and open-identity donors. A 
new internationally recognized model could then be developed for calculating acceptable 
‘all-inclusive’ limits on the use of both anonymous and open-identity sperm donors that 
can be used at a state, national or international level. Through my research I have 
identified five properties that would be useful in a new model: 
1). A suitable adjustment in response to the revocation of donor anonymity with 
the use of instrumental variables, capable of quantifying the abstract concepts inherent in 
the assessment of the psychosocial dynamics requiring consideration – once they are 
identified; 
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2).The capability to include variables that more accurately reflect contemporary 
patterns of mating and reproduction; 
3). The inclusion of variables that can be used in systematic simulations2 to 
generate scenarios for predicting levels of consanguinity risk for regulatory agencies to 
use in setting donor limits; 
4). Give ART clinics the ability to predict the local number of offspring per donor 
for a given probability of consanguinity occurring (P) and thus not raise the local 
coefficient of inbreeding (F); and, 
5). World-wide adaptability through the capacity to adjust the level of model 
sophistication depending on the availability of socio-demographic and epidemiological 
data in a given location. 
Further to this, research into the social and familial consequences of the 
revocation of sperm donor anonymity needs to be undertaken, as guidelines concerning 
the management of these consequences are urgently required and limits established that 
control for the psychosocial risks associated with the use of open-identity donors. 
1.4 STATEMENT OF RESEARCH PROBLEMS 
This section describes the primary issues that were identified in the initial phase of this 
research. 
1.4.1 INTRODUCTION 
In 2004, an investigation into donor limits was undertaken by the Victorian Assisted 
Reproductive Treatment Authority (VARTA) (Kuring, 2004). It identified that there was 
a world-wide shortfall in academic knowledge regarding the issues surrounding sperm 
donor limits and suggested a need for a broader definition of the relevant issues that 
inform sperm donor limits – given that an increasing number of countries were revoking 
the use of anonymous donors. It recommended that this was only achievable through an 
increase in academic exploration and research into the issues that inform donor limits – 
from perspectives other that the prevention of consanguinity (Kuring, 2004). These 
perspectives included stakeholder rights, the best interests of the DI child, and the 
management of the potentially complex familial relationships in the advent of disclosure. 
Since 2004, donor anonymity has been revoked in an increasing number of jurisdictions, 
world-wide (Blyth & Frith, 2009) with, specifically, the impact of legislation in the 
Australian state of Victoria (Infertility (Medical Procedures) Act 1984 (Vic)) –  permitting 
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donors and their donor-conceived children to initiate contact – having been realized.  If 
the practice of donor / offspring linking does occur under this legislation and continues 
into the future, the size of the donor-conceived family has the potential to have a 
significant impact on the lives of both donors and offspring. This has become another 
important issue that needs consideration when establishing sperm donor limits. 
The implementation of the 1984 legislation in Victoria has highlighted the fact that 
currently in Australia, apart from in Victoria, Western Australia and New South Wales, 
there is very little regulation and consistency regarding access to infertility treatment and 
donor limits, and that record keeping is inadequate and incomplete regarding both sperm 
donation and numbers of births per donor (Cohen, 2005; ITA, 2007a; Nader, 2005e). As 
reported by the International Federation of Fertility Societies (IFFS) Surveillance 2007, 
(Jones et al., 2007), this is a world-wide phenomenon. 
1.4.2 LIMITED RESEARCH KNOWLEDGE 
World-wide, a shortfall has been identified in academic knowledge regarding the setting 
of donors limits – from perspectives other than consanguinity risk (Kuring, 2004). This is 
despite the fact that, during the past decade, anonymity has been revoked in many 
European countries, including the UK, New Zealand, and some Australian states. 
Specifically, in Australia, sperm and egg donor anonymity has been revoked: 1) in 
Victoria, originally under the Infertility Treatment Act 1995 (Vic) but now with the 
Assisted Reproductive Treatment Act 2008 (Vic); 2) in Western Australia, with the Human 
Reproductive Technology Act 1991 and Amendment Act 1996 (WA); and, 3) in New South 
Wales, with the Assisted Reproductive Technology Act 2007 (NSW). 
In Victoria, the 1995 Act gave children, born after July 1, 1998, the right to know, 
incontrovertibly, the identity of their donor father once they turn 18 years of age. 
Anonymity was thereby revoked in Victoria, with the eldest of the children affected by 
this Act turning 18 in 2016. In Western Australia, amendments to the 1991 Act permit 
donor offspring, when they turn 18, to obtain identifying information about their donor. 
This effectively removed donor anonymity for gametes (sperm and eggs) and embryos 
used after December 2004 (Godman, Sanders, Rosenberg, & Burton, 2006). 
Prior to the 1995 Act in Victoria, the Infertility (Medical Procedures) Act 1984 (Vic) gave 
sperm donors the right to request contact with their donor children born after 1 July, 1988, 
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once the child turned 18. The child could also make contact once they turned 18 but, 
again, only if the donor consented. Thus, from July1, 2006, once a donor-conceived 
young adult has reached the age of 18, the sperm donor and the donor-conceived child are 
permitted to initiate contact if both parties are agreeable (ITA, 2006).  
During 2005, in preparation for the July 1, 2006 deadline, the VARTA (formerly the 
Infertility Treatment Authority) in Victoria developed an education program and a media-
advertising campaign called ‘Time to Tell’ (ITA, 2006). It was estimated that only about 
30-50% of families tell their children about their sperm donor origins (ITA, 2006) so the 
education program and advertising campaign focused on supporting families affected by 
the legislation who were wanting to tell their children about their origins (ITA, 2006). It 
was reported in an update on the ‘Time to Tell’ campaign (ITA, 2006) that in July 2006, 
of the over 60 calls or emails received by the ITA in the month following the July 1 
deadline, over half were from parents and just less than half from donors, directly affected 
by the legislation. 
In reference to the pending July 1 deadline in 2006 the 2004 ITA review (Kuring, 2004) 
reported that there were other considerations, apart from consanguinity risk, that might 
inform the setting of donor limits. It suggested that one of these ‘other considerations’ 
might relate to the revocation of anonymity and how donors will manage relationships 
with their offspring and offspring with half-siblings if full or even partial disclosure was 
possible. Now, in 2010, the question remains as to how many familial relationships a 
sperm donor can realistically manage, and how many DI relatives can the donor-
conceived child be expected to meaningfully interact with in light of the complex half and 
full-sibling relationships that may now be realized; as well as those with grandparents and 
with other extended family members. The impact on future generations and the 
relationships they will be facing must also be considered. To assist in managing the 
complex familial relationships now possible within the DI network the psychosocial 
issues that will inform limits on the number of offspring born from open-identity donors 
need to be identified – this constitutes an important research question. 
Thus, using consanguinity prevention as the sole focus for donor limits (Kuring, 2004) – 
internationally, nationally and locally – is no longer legitimate because of the additional 
considerations, inherent with the revocation of anonymity, that have been articulated by 
the various stakeholders that donor limits are relevant to: 
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1). Treatment providers are concerned to ensure the continued availability of 
donors in jurisdiction that now only use open-identity donors while, at the same time, 
controlling for inadvertent consanguinity where anonymous donors are still used; 
2). Donors are faced with the management of possible on-going relationships with 
multiple adult DI children and the need to revise their motivation for donating; 
3). Recipient families are affected because not only do they need to consider the 
avoidance of inadvertent consanguinity, but now – the possibility of contact with the 
child’s donor and half-siblings; and, 
4). Donor-conceived people must alternately consider the risk of inadvertent 
consanguinity or the management of relationships with possibly multiple half-siblings and 
their donor. 
Of the studies referred to by Kuring (2004) that specifically address donor limits (Curie-
Cohen, 1980; Danks, 1983; de Boer et al., 1995) none mentioned any consideration other 
than the prevention of consanguinity as a reason for imposing limits to the multiple use of 
gamete donors. Kuring (2004) stated that other literature makes mention of donor limits 
but offers little or no explanation as to what issues inform the establishment of the limit. 
Of those that did, inadvertent consanguinity was cited as the primary consideration. This 
is presumably linked to social taboos regarding incest (Rogers & Danks, 1978). 
While conducting my initial investigation it occurred to me that with the advent of 
disclosure and the revocation of anonymity in many countries around the world, the 
question arises as to the relative importance of the prevention of inadvertent half-sibling 
unions compared to the management of the possibly complex relationships between half-
siblings and between donor inseminated children and their biological fathers. The reason 
being is that it is conceivable that, because there could be an increasing openness in 
families about the biological origins of the DI child (similar to that experienced by 
adopted children over the past 20 years) DI children will be seeking out not only their 
biological fathers but their half-siblings as well. This would render redundant any 
concerns about consanguinity as, even if the child did not want contact, they would at 
least have the option to know the identity of any half-siblings.  Perhaps then, the biggest 
challenge in the future will be the psychosocial implications of these new, unique social 
relationships rather than simply the possibility of consanguinity and the consequent need 
to research the criteria by which to determine limits on the use of open-identity donors. 
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1.4.3 LACK OF INTERNATIONAL AND NATIONAL STANDARDS AND REGULATION 
As was identified in the 2004 Victorian Assisted Reproductive Treatment Authority 
(VARTA) report (Kuring, 2004) and more recently in the International Federation of 
Fertility Societies (IFFS) Surveillance 2007 report (Jones et al., 2007), there is large 
variation world-wide, in the way assisted reproductive technology (ART) and donor 
insemination (DI) are regulated – jurisdictions are regulated either through the use of 
guidelines or through statutes / legislation and have quite divergent limits on the number 
of families a donor may assisted or the number of DI offspring a donor may father (see 
Table 2). Jurisdictions may allow the use of both anonymous and open-identity donors, 
mandate the use of anonymous donors or only allow the use of open-identity donors.  
Even between the jurisdictions that have mandated the use of open-identity  donors there 
is quite a number of different provisions in regards to: the disclosure of donor identity; 
limits on the number of offspring or families per donor; maintenance of a register of 
donor procedures; the DI offspring’s age at which donor information can be accessed; 
and, a donor-conceived person’s ability to learn about other people sharing the same 
donor  (Blyth & Frith, 2009; Jones et al., 2007). 
In the Australia states of Victoria, New South Wales (NSW) and Western Australia 
(WA); in New Zealand (NZ); and, in a number of European countries, including the 
United Kingdom (UK), legislation has banned the use of anonymous sperm donors 
(Godman et al., 2006; ITA, 2006a; Rice-Oxley, 2005), making it illegal to supply DI 
treatment using anonymous sperm. In the Australian states and territories of South 
Australia (SA), Queensland (QLD), Tasmania, Northern Territory (NT) and Australian 
Capital Territory (ACT), however, there is no legislation regarding the use of anonymous 
donors and in these states clinics can still use sperm donated by men whose identity can 
remain anonymous. In this respect Australia is similar to the US – where both anonymous 
and open-identity donors are used in at least some jurisdictions and national regulation is 
only through the use of guidelines (Jones et al., 2007). 
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TABLE 2. JURISDICTIONAL COMPARISON: ANONYMITY, LIMITS AND REGULATION 
 
Jurisdiction Type of regulation 
(Guidelines or 
Legislation) 
Release of identifying 
information about 
donor 
Donor limit 
 
Australia nationally 
   Victoria 
   New South Wales 
   Western Australia 
 
Guidelines 
Legislation 
Legislation 
Legislation 
 
Allowed 
Mandated 
Mandated 
Mandated 
 
10 families 
10 families 
5 recipients 
5 families 
Austria Legislation Mandated 3 families 
Belgium Legislation Unknown 10 offspring 
Canada Legislation Not allowed Unknown 
Denmark Legislation Not allowed Unknown 
Finland None Mandated Unknown 
France Legislation Not allowed 5 offspring 
Germany Legislation Allowed 10 offspring 
Ireland Guidelines Unknown Unknown 
Italy Legislation Not allowed Unknown 
India Guidelines Not allowed 10 offspring 
Hong Kong Legislation Unknown 3 offspring 
Netherlands Legislation Mandated 25 offspring per 
800,000  residents 
New Zealand Legislation Mandated 10 offspring 
Norway Legislation Mandated 7 families or 
14 offspring 
Singapore Guidelines Not allowed 3 offspring 
Spain Legislation Allowed (if life threatening) 6 offspring 
South Africa Guidelines Allowed 5 offspring 
Sweden Legislation Mandated 6 offspring 
Switzerland Legislation Mandated 8 offspring 
Taiwan Legislation Not allowed 1 live birth 
United Kingdom Legislation Mandated 10 families 
United States Guidelines Allowed 25 offspring per 
800,000 residents 
Source: Adapted from: Donor Limits – Considerations beyond supply and demand (Kuring, 2004); Donor-
conceived people’s access to genetic and biographical history: An analysis of provision in different 
jurisdictions permitting disclosure of donor identity (Blyth & Frith, 2009); and, IFFS Surveillance 2007 
(Jones et al., 2007) 
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The consequences of not having a consistent and regulated ART industry which 
mandates, for instance, the keeping of records that register donors with their DI offspring, 
is that, apart from donors being able to donate multiple times and father multiple children 
(Cahn, 2008) – perhaps in the same locality – donor-conceived children run the risk of 
unwittingly mating with their half-siblings and they and their descendants are unable to 
know their biological heritage (Baines, 2007; Shanley, 2002; Sylvester & Burt, 2007). 
 Within a regulated industry authorities are more able to determine optimum sperm donor 
limits for a given breeding pool or clinic district, nationally or locally. If donor records 
are kept they can be used, not only to assist in reducing the risk of inadvertent inbreeding, 
when anonymous donors are used – through the use of a mathematical model – but they 
can also provide information to inform the management and support mechanism needed 
with the potential number of complex relationships resulting now with the revocation of 
anonymity in an increasing  number of jurisdictions (Blyth & Frith, 2009). 
1.5 STATEMENT OF PURPOSE 
The primary aim of the current research was to investigate the factors that require 
consideration when determining sperm donor limits to control for the ‘relative risks’ 
associated with the multiple use of donors in donor insemination.  
1.6 RESEARCH QUESTIONS 
This section outlines the subsidiary research questions that evolved from the initial 
investigation into the following primary question: 
 1.6.1 PRIMARY QUESTION: 
What are the factors pertinent to determining limits on the multiple use of sperm donors 
in donor insemination? 
1.6.2 SUBSIDIARY QUESTIONS: 
This ‘thesis by publication’ is structured around eight subsidiary questions. Investigation 
into each question generated a scholarly paper that was submitted to and published in 
peer-reviewed journals (see Table.3 and Fig.1). 
This section briefly presents each of the questions, the relevant publication and the 
evolutionary links between them. It was after the initial literature search that the 1st 
subsidiary question emerged. 
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1) Do the factors which informed the previously published model for the 
establishment of sperm donor limits – described by Curie-Cohen (1980), and on which 
both de Boer et al. (1995) and Wang et al. (2007) based their models – have construct 
validity? In other words, can the variables in the model still be used to predict the number 
of half-sibling matings likely to occur due to the multiple use of donors or are their values 
outdated or the variables themselves irrelevant and a threat to the validity of the model – 
does the Curie-Cohen model, in its current form, continue to have predictive validity, 
currency and relevance? This question was addressed in the first of the seven papers that 
forms the basis of this thesis. The paper is published in Fertility and Sterility and is 
reproduced as Chapter 3 of this thesis. 
2)   Having established through the first subsidiary question and related paper that 
the variable values in Curie-Cohen’s model are outdated, the second subsidiary question 
sought to investigate how the numbers of half-sibling matings in the United States would 
change if predictions could now be made using the same model, but with present-day 
variable values.  Does the model demonstrate concurrent validity and have the capacity to 
predict how the number of half-sibling matings due to DI will have altered in response to 
the changes in values of some variables, such as fertility rates and average DI children per 
donor? The paper relevant to this question (discussed in Chapter 4) was submitted to 
Fertility and Sterility with estimates based on up-dated variable values. Due to the dearth 
of reliable and valid data to inform the variable values – as the values were, of necessity, 
based on approximations and calculations from potentially unreliable sources – the 
anonymous reviewers who evaluated this paper were of the opinion that it was in need of 
major revisions. Their comments were very constructive and I decided that there was 
sufficient grounds to proceed with the investigation and recommendations subsequently 
outlined in the next subsidiary question and paper. 
3)  The investigation described in the second paper indicated that the predictive 
validity of the original model has been compromised – by both outdated variable values, 
redundant variables and the unavailability of data to inform present-day variable 
estimates. These findings led to the third subsidiary question – what are the legislative or 
policy issues that need addressing to enable the reliable and valid prediction of the 
number of half-sibling matings likely due to the multiple use of donors in contemporary 
US? The third paper, published in Fertility and Sterility and reproduced in Chapter 5, 
explored these issues and made recommendations based on its findings. A fourth 
subsidiary question and paper were conceived – to investigate the applicability of Curie-
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Cohen’s model outside to the US – and determine if the same issues would be 
encountered when using Australian data. 
4) Australia is unique in that it has three states that legislate against donor 
anonymity (Victoria, WA and NSW) – whereas in all other states and territories (SA, 
QLD, Tasmania, NT and ACT) some clinics use anonymous donors (as in the US). The 
fourth subsidiary question relates to the second and third papers – which described how 
the validity of Curie-Cohen’s model had been compromised, and investigated what was 
required in the US to enable the establishment of contemporary evidence-based 
anonymous sperm donor limits – and asks whether similar issues in using Curie-Cohen’s 
model will be found when using Australian data? Put another way, is Curie-Cohen’s 
model reliable and transferable to other jurisdictions – which support the use of 
anonymous donors but have different donor and recipient cohorts – or will the same 
difficulties in implementation be faced? This question is addressed in the fourth paper 
which describes the divergent DI policy and practice currently found in Australia that 
renders it impossible to apply Curie-Cohen’ model in the Australian context. This paper 
was published in the Journal of Law and Medicine and is reproduced in Chapter 6. The 
subsequent recommendation described in this paper was the establishment of a nationally 
mandated donor registry that records information about donors and their DI offspring. 
This was discussed further in the fifth paper and formed the basis for subsidiary question 
number five. 
5) The fourth paper recommended that a nationally mandated registry to record DI 
births and donor information is necessary to enable the establishment of evidence-based 
donor limits in Australia. What are the public-interest issues that require consideration 
when drafting legislation mandating that DI births and donor records be kept at the 
national level?  The fifth paper was published in the Journal of Law and Medicine and 
describes a regulatory assessment model that outlines the possible public interest issues – 
such as public ethical, health, socio-political and legal concerns – that will need 
consideration when planning this legislation. This paper is reproduced and further 
discussed in Chapter 7. While I was writing this paper, a letter to the editor of Fertility 
and Sterility was published – in response to the publication of my first paper (Sawyer, 
2009b; Scheib & Ruby, 2009). The authors of this letter suggested that limits on the use 
of open-identity donors should be based on psychosocial considerations and might need to 
be lower than those for consanguinity risk. This, coupled with the increasing number of 
countries and Australia states revoking the use of anonymous donors and the associated 
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controversy about the rights of DI offspring and their donors, was the catalyst that 
inspired subsidiary question six and the research behind the resultant sixth paper. 
6) The sixth subsidiary question asks, what are the issues that require 
consideration when establishing limits on the use of open-identity donors? The revocation 
of anonymity in many European countries, New Zealand, and three Australian states 
means that there is an urgent need to research the issues that will inform limits on the use 
open-identity donors. As previously mentioned, Scheib and Ruby’s (2009)  letter to the 
editor of Fertility and Sterility, responding to the publication of my first paper, suggested 
that donor limits in these jurisdictions may need to be based on psychosocial 
considerations, and be lower, than limits based on genetic concerns. The primary 
contention of the sixth paper is the urgent need to research the psychosocial factors that 
will inform evidence-based limits for open-identity donors. This paper has been published 
on-line in Human Reproduction and is reproduced in Chapter 8. Concerns raised in the 
literature (Ripper, 2008) about decreasing donor numbers in response to the revocation of 
anonymity and Scheib and Ruby’s (2009) suggestion that genetic considerations should 
possibly be secondary to psychological considerations when limiting the use of sperm 
donors  inspired the line of inquiry that saw the development of the seventh subsidiary 
question, and the simulations that form the basis for paper number seven. 
7) There are a number of jurisdictions that protect donor anonymity and continue 
to use anonymous donors. My contention is that if donor records were kept at the local 
level and Curie-Cohen’s model applied in these jurisdictions evidence-based limits could 
be generated at the local level.  Subsidiary question seven asks whether donor limits could 
more accurately address the ‘relative risk’ in a particular locality – if local demographics, 
such as donor numbers, were used to inform variable values. The seventh paper, 
submitted to Human Reproduction January 24, 2010, illustrates through simulations, how 
donor limits could vary widely if locally-generated evidence-based donor limits were 
calculated. This paper is reproduced in Chapter 9 and leads on to subsidiary question 
number eight and the recommendations for further research, outlined in Chapter 10. 
8) Considering that some jurisdictions (as in the US and some states in Victoria) support 
the use of both anonymous and open-identity donors, what other variables – that will 
reflect current population trends or policy changes, such as the revocation of anonymity – 
need to be included in an updated mathematical model that can then consider 
psychosocial as well as genetic issues?  
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TABLE 3. SUBSIDIARY QUESTIONS AND RELATED PAPER OR CHAPTER 
Subsidiary Question Chapter and Title of paper 
 
1) Does the Curie-Cohen model in its current form 
continue to have predictive validity, currency and 
relevance? 
 
Chapter 3:  
“A review of mathematical models used to 
determine sperm donor limits for infertility 
treatment”. Fertility and Sterility, Volume 
90, Issue 2, pp 265-271 
 
 
2) Does the model demonstrate concurrent validity and 
have the capacity to predict how the number of half-
sibling matings due to DI has altered in response to a 
change in variable values in the US? 
  
Chapter 4: 
“Update: Half-sibling mating due to DI in 
the United States”. (Unpublished) 
 
3) What are the legislative or policy issues that need 
addressing to enable the reliable and valid prediction of 
the number of half-sibling matings likely due to the 
multiple use of donors in donor insemination? 
 
Chapter 5: 
“Who’s keeping count? The need for 
regulation is a relative matter”. Fertility and 
Sterility, Volume 92, Issue 6, pp 1811-1817 
 
4) Is the 1980 model reliable and transferable to other 
countries with differing donor and recipient cohorts such 
as Australia? 
Chapter 6: 
“Removing the ‘relative’ uncertainty within 
the Australian donor insemination 
network”. Journal of Law and Medicine, 
Volume 17, Issue 2, pp 270-279 
 
 
5) What are the public-interest issues that require 
consideration when drafting legislation mandating that DI 
births and donor records be kept at the national level? 
Chapter 7: 
“Prospective application of a five-step 
regulatory assessment model to a proposed 
federal sperm donor registry in Australia: Is 
it in the public interest?” Journal of Law 
and Medicine, Volume 17,Issue 4, pp 608-
616 
 
 
6) Following on from a ‘letter to the Editor’ written in 
response to the first paper, what are the issues that require 
consideration when establishing limits on the use of open-
identity donors? 
Chapter 8: 
“Sperm donor limits that control for the 
‘relative’ risk associated with the use of 
open-identity donors”. Human 
Reproduction, published on-line, February 
19, 2010 
 
 
7) Could donor limits more accurately address the 
‘relative risk’ in a particular locality – if local 
demographics, such as donor numbers, were used to 
inform variable values? 
Chapter 9: 
“‘One size does not fit all’: the case for 
locally-generated evidence-based limits that 
control for the ‘relative risk’ in donor 
insemination”. Submitted January 24, 2010, 
Human Reproduction 
 
 
8) In relation to my response to the ‘letter to the Editor’ 
(point 6), what other variables – that will reflect current 
population trends or policy changes, such as the 
revocation of anonymity – need to be included in an 
updated mathematical model that can then consider 
psychosocial as well as genetic issues? 
 
Chapter 10: 
The recommendations for future research 
relates, in part to “Reply of the Authors: 
Beyond consanguinity risk: developing 
donor limits that consider psychological risk 
factors”.  Fertility and Sterility, Volume 91, 
Issue 5, p e13 
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In other words what is required to maintain construct validity? (What other 
measurements, variables and constructs could better inform the model and enhance its 
predictive or criterion-related validity). These other measurements and constructs could 
be based on instrumental variables that account for the cultural and psychosocial factors 
associated with the revocation of anonymity.  
 
FIGURE 1.  FLOW CHART ILLUSTRATING HOW THE PAPERS EVOLVED 
 
ITA Poster: ‘Donor Limits – 
Considerations: beyond supply and 
demand’ identified a dearth of research 
knowledge regarding the informing of 
donor limits   
New ‘relative risk’ considerations: 
The psychosocial impact of the 
revocation of anonymity  
Existing ‘relative risk’ consideration: 
Avoidance of inadvertent half-sibling 
mating or consanguinity 
Paper 6. Considerations regarding 
the establishment of evidence-
based limits for open-identity 
donors 
(Human Reproduction) 
Paper 4. Australian  legislation – 
relevant to anonymous and open-
identity donors 
(Journal of Law and Medicine) 
Paper 1. Review – models for 
establishing evidence-based 
limits for anonymous donors 
(Fertility and Sterility) 
Paper 2.  Update: establishing if 
contemporary limits could be generated 
for anonymous donors in the US 
(unpublished) 
Paper 5.  Assessment Model for 
legislation in regards to anonymity and 
limits – relevant to all donors 
(Journal of Law and Medicine) 
Paper 3. Keeping Count – a 
‘relative risk’ issue concerning 
all donors 
 (Fertility and Sterility) 
 
Paper 7.  Locally-generated evidence-
based limits – specifically relevant to 
anonymous donors  
(Submitted to Human Reproduction) 
 
Recommendations: New updated 
model be developed to generate 
‘all-inclusive’ limits that consider 
the genetic and psychosocial 
‘relative risks’ for anonymous and 
open-identity donors 
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1.7 METHODOLOGY 
The thesis structure consists of seven papers which, as they have been written, were 
submitted to peer-reviewed journals. Apart for the first paper I am the sole author of these 
papers. Each paper is linked to the primary research question regarding the factors that 
require consideration when establishing sperm donor limits. They then sequentially 
address the subsidiary questions as they evolved. Table 3 provides an overview of the 
subsidiary questions and the relevant paper that was written to address it and Figure 1 
illustrates how the papers evolved after the ITA poster by Kuring (2004) was identified 
and the review of mathematical models was written (Sawyer & McDonald, 2008). 
The first step in this investigation consisted of an extensive literature search which, 
among other things, revealed four mathematical models (Curie-Cohen, 1980; Danks, 
1983; de Boer et al., 1995; Wang et al., 2007) that have previously been published 
regarding the mathematical relationship between donor limits and half-sibling mating. A 
review, comparing the four models (Sawyer & McDonald, 2008) revealed that one model 
(Curie-Cohen, 1980) has been used the past 30 years (Curie-Cohen, 1980; de Boer et al., 
1995; Wang et al., 2007). The fourth model (Danks, 1983) had not been defined 
sufficiently to enable evaluation. The first subsidiary question was formed based on this 
review. 
1.7.1 PAPER 1:  A review of mathematical models used to determine sperm donor 
limits for infertility treatment N. Sawyer and J. McDonald. (2008). Fertility and 
Sterility, Volume 90, Issue 2, pp 265-271 
The first paper is linked to subsidiary questions number one – does the Curie-Cohen 
model in its current form continue to have predictive validity, currency and relevance? 
The objective of this first paper was to review the mathematical models that had been 
previously used to determine sperm donor limits for infertility treatment and to consider 
the need to develop a new, internationally recognized and applicable model for 
calculating limits. The models for determining sperm donor limits were identified through 
bibliographic databases and the variables used in the published models were defined, 
evaluated and assessed for relevancy and applicability. The relevance and applicability of 
the model variables that were used to predict the number of consanguineous matings, the 
probability of unwitting sibling mating and contribution to the population coefficient of 
 22 
inbreeding (F) were described. The models were found to be outdated and inadequate for 
use in the present-day. 
1.7.2 PAPER 2: Update: Half-sibling mating due to DI in the United States N. Sawyer. 
(Unpublished paper) 
The second paper is linked to subsidiary questions number two – does the original model 
demonstrate concurrent validity and have the capacity to predict how the number of half-
sibling matings due to DI has altered in response to the changes in the values of some 
variables, such as fertility rates and the average number DI children per donor? It follows 
on from the first paper to more fully examine whether any of the variable values that are 
outdated, if variables have become irrelevant, and how the number of half-sibling matings 
in the United States would change, if predictions were now made using up-to-date 
variable values. It investigated the findings from the first paper – that indicated that some 
variable values are outdated or irrelevant – by attempting to apply the model using 
current, up-to-date variable values in the US that reflected changes in, for instance, 
fertility rates, average DI children per donor and donor profile. 
1.7.3 PAPER 3: Who’s keeping count? The need for regulation is a relative matter N. 
Sawyer. (2009). Fertility and Sterility, Volume 92, Issue 6, pp 1811-1817 
The third paper is linked to subsidiary question number three - what are the legislative or 
policy issues that need addressing to enable the reliable and valid prediction of the 
number of half-sibling matings likely due to the multiple use of donors in contemporary 
US? This paper considers the implications of the results from paper number two, which 
investigated the application of Curie-Cohen’s model using current US variable values and 
found that Curie- Cohen’s model cannot be used as there is inadequate record keeping 
and regulation of donor insemination in United States’ sperm banks  
1.7.4 PAPER 4: Removing the ‘relative’ uncertainty within the Australian donor 
insemination network. N. Sawyer. (2009). Journal of Law and Medicine, Volume 17, 
Issue 2, pp 270-279  
The fourth paper is linked related to subsidiary question number four – is Curie-Cohen’s 
model reliable and transferable to other countries with differing donor and recipient 
cohorts or will the same difficulties in implementation be encountered?  It follows on 
from the US update in paper three and describes how, in Australia there is no federal 
legislation regarding the maintenance of donor records or limiting the use of donor sperm, 
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and that it is important to place limits on the multiple use of sperm donors – to reduce the 
‘relative risk’ of inadvertent half-sibling mating between the offspring of anonymous 
donors and to control for the consequences of contact between open-identity donors and 
their donor-inseminated offspring.  
1.7.5 PAPER 5: Prospective application of a five-step regulatory assessment model to a 
proposed federal sperm donor registry in Australia: Is it in the public interest? N. 
Sawyer. (2010). Journal of Law and Medicine, Volume 17, Issue 4, pp 608-616.  
The fifth paper is linked to subsidiary question number five and follows on from the 
fourth paper. What are the public-interest issues that require consideration when drafting 
legislation mandating that DI births and donor records be kept at the national level? It 
describes a five-step regulatory assessment model, as described by Johnson and Petersen 
(2008b). The model was applied prospectively to the proposed donor registry to identify 
public interest issues. The resultant issues concern the public ethical interest in child 
welfare; the public health interest in avoiding genetic abnormalities/disease; public socio-
political and legal interests in avoiding inadvertent consanguineous relationships; public 
ethical and health interests in avoiding identity issues in the donor-inseminated child; and 
public socio-ethical interests in providing nationally mandated, comprehensive records of 
donor insemination outcomes. These results provided a basis for further discussion in 
regard to donor insemination legislation at the federal level. 
1.7.6 PAPER 6: Sperm donor limits that control for the ‘relative’ risk associated with 
the use of open-identity donors. N. Sawyer. (2010). Human Reproduction, published on-
line February 19.  
The sixth paper is linked to subsidiary question number six – what are the issues that 
require consideration when establishing limits on the use of open-identity donors? It was 
written after a letter to the editor (Sawyer, 2009b; Scheib & Ruby, 2009) – commenting 
on the paper reviewing the mathematical models – highlighted the dearth of discussion in 
the literature  regarding donor limits for open-identity donors. This sixth paper describes 
how there has been a shift, in many jurisdictions, away from anonymous to open-identity 
donation. It suggests that the central issue in establishing donor limits in these 
jurisdictions is now not the risk of genetic abnormality from inadvertent half-sibling 
consanguinity but the psycho-social impact of the multiple uses of open-identity sperm 
donors. Furthermore, many jurisdictions that support or mandate the use of open-identity 
donors continue to observe existing limits that do not consider or specifically control for 
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the psycho-social impact of the multiple use of open-identity sperm donors. I also suggest 
that if evidence-based limits were established for anonymous donors, in jurisdictions that 
continue to support anonymity, then existing limits in some of these jurisdictions could be 
raised.  
1.7.7 PAPER 7: ‘One size does not fit all’: the case for locally-generated evidence-
based limits that control for the ‘relative risk’ in donor insemination N. Sawyer. 
Submitted January 24, 2010, Human Reproduction. 
The seventh paper is linked to subsidiary question number seven – would donor limits 
more accurately address ‘relative risk’ in a given locality if local demographics informed 
the variable values? This paper involves systematic simulations2 using US variable values 
from Curie-Cohen’s 1980 model. Specifically, the simulations systematically varied the 
values for the average number of donor inseminated children (DI) children per donor ( n ) 
and that for C, assortive mating for phenotype. It investigated the relationship between n  
& the number of half-sibling matings likely to occur (Y) and n  & the coefficient of 
inbreeding due to DI (FDI) across jurisdictions by graphing data generated from scenarios 
in which n  was systematically varied across values of C. The population and state-
specific variable values generated in 1980 for US states were used to generate the data for 
the realizations, and graphs were created in Minitab3. 
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CHAPTER 2: LITERATURE REVIEW 
 
This chapter gives an overview of the literature pertaining to the issues surrounding DI 
and the setting of sperm donor limits. A comprehensive national and international 
literature review is provided through the papers that form the basis of this thesis. These 
are presented in chapter three through to chapter nine, inclusive. 
2.1 INTRODUCTION 
Many countries have introduced ostensibly ‘safe’ or ‘acceptable’ limits to the number of 
offspring for each anonymous sperm donor (Curie-Cohen, 1980; Danks, 1983; de Boer et 
al., 1995; Wang et al., 2007). This has been to reduce the probability of inadvertent 
inbreeding occurring – minimising the ‘relative risk’ – of donor-conceived children 
inadvertently mating with their half-siblings and risking the associated possibility of 
congenital abnormalities in their own offspring.  These ‘safe’ limits to the number of 
offspring per donor, however, appear to have been arbitrarily set and vary considerably 
between countries (Kuring, 2004; Wang et al., 2007), despite having no empirical basis. 
A review of current policy; with regard to sperm donor limits, at the interstate, 
international and local level (Kuring, 2004) has revealed that there is no standard or 
internationally recognised limit to the use of donor gametes. For instance, there is a limit 
of ten families per donor in both the UK and the Australian state of Victoria, despite a 
population difference of 57 million people (Table 1). Similarly, in spite of similar 
populations, France permits five offspring per donor while the United Kingdom permits 
ten families – ostensibly 15 to 20 offspring. 
 Furthermore, donor anonymity has been revoked in a number of European countries, 
including the United Kingdom (UK); and the Australian states of Victoria, New South 
Wales (NSW) and Western Australia (WA) (Blyth & Frith, 2008; Pennings, 2005b; Rice-
Oxley, 2005). This means that the risk of inadvertent consanguinity is now not the only 
consideration in regards to limiting the number of donor-conceived children a sperm 
donor can father. The revocation of anonymity means that donors are now unable to 
donate anonymously and the psychosocial implications of this are unknown and require 
researching. How the revocation of anonymity will impact on the number of available 
donors and the profile of those donors is yet to be fully realised but there are indications 
that both the numbers and profiles have already changed (Brewaeys, Bruyn, Louwe, & 
 26 
Helmerhorst, 2005; Godman et al., 2006; Janssens, Simons, van Kooij, Blokzijl, & 
Dunselman, 2006; Rice-Oxley, 2005; Ripper, 2008). 
It appears that current policy regarding the DI industry, both in Australia and overseas, is 
inconsistent and in need of scientifically informed regulation and guidelines to facilitate 
and then maintain what is in the best interest of all stakeholders. Possible explanations for 
the variation in donor limits, despite the lack of evidence-base, include: a lack of 
academic investigation into the issues that inform the establishment of limits; a failure to 
document those issues; protection of donor anonymity; availability of donors; and 
commercial donation arrangements (Kuring, 2004). 
2.1.1 ASSISTED REPRODUCTIVE TECHNOLOGY (ART) 
Since the first Assisted Reproductive Technology (ART) baby, Louise Brown, was born 
in the UK some 35 years ago, it is estimated that, world wide, more than four million 
babies have been born using ART, with about 250,000 currently being born each year (de 
Mouzon et al., 2009; ESHRE, 2009). It is reported that one in six couples worldwide 
experience some form of infertility problem but there are huge variations in availability 
and effectiveness of ART between countries (ESHRE, 2009). Europe leads the world for 
ART and is responsible for approximately 56% of all reported ART cycles (de Mouzon et 
al., 2009). 
Although various definitions have been used, ART includes all fertility treatments in 
which both eggs and sperm are manipulated. In general, ART involves surgically 
removing eggs from a woman's ovaries, combining them with sperm in the laboratory, 
and returning them to the woman's body or donating them to another woman. It does not 
include procedures in which only sperm are manipulated as in intrauterine insemination 
or procedures in which a woman takes drugs only to stimulate egg production (The 
Fertility Institutes, 2007). Types of ART include: 
1). IVF (In Vitro Fertilization) which involves extracting a woman's eggs, 
fertilizing the eggs in the laboratory, and then transferring the resulting embryo(s) into the 
woman's uterus through the cervix; 
2). ICSI (Intracytoplasmic Sperm Injection) which is similar to IVF but only 
involves injecting a single moving sperm into a single mature egg. It is the most common 
treatment for male infertility; 
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3). GIFT (Gamete Intrafallopian Transfer) which involves using a fibre-optic 
instrument called a laparoscope to guide the transfer of unfertilized eggs and sperm 
(gametes) into the woman's fallopian tubes through small incisions in her abdomen; and, 
4). ZIFT (Zygote Intrafallopian Transfer) which involves fertilizing a woman's 
eggs in the laboratory and then using a laparoscope to guide the transfer of the fertilized 
eggs (zygotes) into her fallopian tubes. 
Additionally, ART is often categorized according to whether the procedure uses a 
woman's own eggs (non-donor) or eggs from another woman (donor) and according to 
whether the embryos used were newly fertilized (fresh) or previously fertilized, frozen, 
and then thawed (frozen) (The Fertility Institutes, 2007). 
Generally then, an ART cycle refers to a process in which an ART procedure is carried 
out and a woman has undergone ovarian stimulation or monitoring with the intent of 
having an ART procedure, or frozen embryos have been thawed with the intent of 
transferring them to a woman. A cycle commences when a woman begins taking fertility 
drugs or has her ovaries monitored for follicle production (The Fertility Institutes, 2007). 
2.1.2 DONOR INSEMINATION (DI) 
The least expensive and easiest form of infertility treatment , when male fertility or an 
autosomal dominant inherited condition is present (Danks, 1983), is Donor Insemination 
(DI). Regarding DI, DiLascia (2006) reports that, in the United States, the Centers for 
Disease Control generally keep detailed records of ART as it is considered high-tech and 
worthy of keeping accurate statistics with which to measure success.  However, DI is 
considered so low-tech that it is not considered worthy of record keeping. This attitude 
appears to be pervasive as the total number of offspring from anonymous donor sperm, 
world wide, is not known. There are reports, in several counties, however, of the multiple 
use of individual donors’ sperm, and in particular, of one sperm donor being responsible 
for one to two hundred pregnancies (Cohen, 2005; DiLascia, 2006; McWhinnie, 2001). 
2.2 LITERATURE SEARCH 
A literature search for journal articles, books and book chapters was conducted using 
Google Scholar and NaviGate Plus: Metasearch. Searches for newspaper and magazine 
articles, electronic sources, government documents and population statistics were 
conducted using Google and Google Scholar. Search terms included: ART, sperm donor, 
consanguinity, inbreeding, genetic considerations, legal rights, children’s rights, 
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mathematical model, donor limits, simulation, modelling and combinations of the above 
using Boolean combinations. Years searched focused on articles and papers post 2000 but 
some topics required open-ended searches where papers as early as the 1950s were the 
only ones available. 
The literature search was comprehensive in that the seminal papers and landmark studies 
that have informed the current knowledge base have revealed five main themes in regards 
to Donor Insemination (DI) treatment: 1) previously published mathematical models for 
determining sperm donor limits – providing a precedent for the generation of evidence-
based anonymous donor limits: 2) genetic considerations – one of the primary arguments 
for keeping donor records and setting evidence-based limits; 3) access to DI treatment by 
single and lesbian women – becoming more socially accepted and has legal provisions in 
some jurisdictions ; 4) ethical and psychosocial considerations and stakeholders’ interests 
– in regards to the revocation of anonymity and the keeping of donor records: and, 5) 
impact of the revocations of donor anonymity – research is required to inform the setting 
of limits for open-identity donors. An overview of these five themes will be presented in 
the following section. 
2.2.1 PREVIOUSLY PUBLISHED MATHEMATICAL MODELS FOR DETERMINING SPERM 
DONOR LIMITS 
An extensive literature search identified four previously published papers (Table 4 in 
Chapter 3) describing a mathematical approach to either predict the possible number of 
half-siblings matings to occur due to donor insemination (Curie-Cohen, 1980) or to 
estimate the maximum ‘safe’ sperm donor limits for use in infertility treatment (Danks, 
1983; de Boer et al., 1995; Wang et al., 2007).  Historically, the upper limit to number of 
live births per sperm donor has been usually determined by cultural and social norms and 
rarely decided on the basis of scientific evidence or discussed from a mathematical 
viewpoint (Wang et al., 2007). 
The first model was published by Curie-Cohen in 1980 (Curie-Cohen, 1980)  for 
estimating a maximum number of children per sperm donor for each state of the USA. 
This model only considers consanguineous half-sibling matings and assumes donor 
anonymity. The constants used in this model are based on US data and therefore are only 
useful for estimating limits within the United States. The author provided the formula, 
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calculations and the variables used, so adaptation for other locations is theoretically 
possible. 
Danks proposed the second model (Danks, 1983) to estimate the risk of unwitting half-
sibling mating as a result of donor insemination. The probabilities are a function of the 
number of donor inseminated (DI) offspring per donor and the number in a given 
breeding pool. This model only considers consanguineous half-sibling matings, as does 
Curie-Cohen in his model. No formulae were supplied, although a table was provided that 
described the percentage risk of unwitting half-sibling mating by the number of 
artificially inseminated (AI) progeny per donor and number in breeding pool. 
De Boer et al. (1995) described a third  model,  a derivation of Curie-Cohen’s model, for 
use in the Netherlands. They used very similar variables to Curie-Cohen but considered 
not only half-sibling matings, but all consanguineous matings, unwitting or otherwise 
with a coefficient of inbreeding (F) greater than 1/16. The coefficient of inbreeding (F) 
describes the ‘probability that an individual has received both alleles of a pair from an 
identical ancestral source’ (McDonough, 1997). They did not report the formulae or 
calculations and although detailed calculations were purported to be obtainable from the 
authors, when requested, none were available. Anonymity was assumed. 
Another derivation of Curie-Cohen’s model is detailed by Wang et al. (2007) in the fourth 
model. This model considers all unwitting consanguineous matings of a donor- conceived 
child and his/her unknown relative. It uses the same formulae as Curie-Cohen but, apart 
from the inclusion of a greater number of possible consanguineous matings, it also places 
far more emphasis on assortive mating. It proposes three criteria for evaluating the impact 
of the number of live births per donor. One considers the number of consanguineous 
matings as a result of donor insemination; another considers the effect on the coefficient 
of inbreeding (F), and the other, the incidence of inheritable diseases in the donor region. 
Chapter 3 discusses a review of the four published reports (Sawyer & McDonald, 2008). 
It addresses subsidiary research question number one (Table 2) and describes the 
mathematical models for predicting maximum donor limits to prevent inadvertent 
consanguinity (Curie-Cohen, 1980; Danks, 1983; de Boer et al., 1995; Wang et al., 2007). 
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2.2.2 GENETIC CONSIDERATIONS AND SPERM DONOR LIMITS 
Ostensibly, ‘safe’ or ‘acceptable’ limits to the number of offspring for each anonymous 
sperm donor have been introduced in many countries for the reason that the unrestricted 
use of anonymous donor sperm carries a greater ‘relative risk’ – risk of inadvertent 
consanguinity (Curie-Cohen, 1980; Danks, 1983; de Boer et al., 1995; Wang et al., 2007). 
The National Library of Health (NLH) defines consanguinity as, ‘descent from a common 
ancestor; [where] a consanguineous couple is usually defined as being related as second 
cousins or closer’ (National Library of Health, 2007).  The Dictionary of Genetics defines 
it as ‘Meaning between blood relatives; usually refers to inbreeding or incestuous 
matings’ (Genetics Dictionary, 2007). This is an important consideration since 
consanguineous mating introduces an increased risk of serious abnormality in offspring. 
For instance, it introduces an additional 2% risk of serious abnormalities – such as mental 
retardation, cleft lips and palette or conditions that lead to premature death, such as 
respiratory distress –   for offspring from first cousin marriages and an additional 10% 
risk of serious abnormality with half-sibling pairings (Danks, 1983; Rogers & Danks, 
1978). 
The ‘relative risk’ for the offspring that result from consanguineous matings and 
inbreeding are well documented (Adams & Neel, 1967; Danks, 1983; Rogers & Danks, 
1978) although socioeconomic status has been cited as a confounder to fully detecting the 
effects of inbreeding on the development of children (Schull & Neel, 1972) and in a 
summary of consanguineous marriages in 2001 (Bittles, 2001) it was concluded that the 
focus of adverse clinical outcomes by western society overlooks the benefits, both 
socially and economically, of consanguineous unions in other societies. 
A limit of 25 offspring per 800,000 residents per sperm donor is currently in place in the 
Netherlands (de Boer et al., 1995). The advisability of this limit has been challenged in 
that the possibility of the spread of harmful genes is more likely with such a high limit 
(Egeland, 1997; McDonough, 1997). This concern was somewhat realised when a Dutch 
hospital discovered that 18 children had been fathered by a donor who developed 
autosomal dominant cerebella ataxia, a late onset genetic disorder which his progeny 
would have a 50% chance of developing (Dutton, 2002; Gebhardt, 2002; Sheldon, 2002). 
On the basis of this questions were raised as to the safety of the 25 child limit but these 
were refuted by the then Chairman of Sperm Banks in The Netherlands (Janssens, 2003). 
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This highlights a need to increase the knowledge base regarding what issues require 
consideration when establishing donor limits and relates directly to the primary research 
question and subsidiary questions number three through six (Table 2) which ask what the 
legislative and policy concerns are – relevant to the psychosocial and genetic factors that 
require consideration – when determining limits on the multiple use of sperm donors in 
donor insemination (Sawyer, 2009c). The literature regarding these questions is discussed 
in Chapter 5 through to Chapter 8. 
2.2.3 ACCESS TO ART AND DI TREATMENT 
World wide, access to DI and ART in general varies widely between countries (ESHRE, 
2009) and as previously mentioned,  ‘safe’ limits to the number of offspring per donor –  
established by those who offer DI treatment – appear to have been arbitrarily set, and also 
vary considerably between countries (Kuring, 2004; Wang et al., 2007). For example, 
there is a limit of ten families per donor in both the United Kingdom and the Australian 
state of Victoria, even though they have vastly different population sizes (Table 1). Then, 
despite similar populations, France permits five offspring per donor while the United 
Kingdom permits ten families. Psychosocial and cultural factors, rather than mathematical 
calculations (Janssens, 2003), seem to have been the primary considerations in setting the 
limits for most countries (Kuring, 2004). 
There is much anecdotal evidence in the news media and magazines regarding the 
challenge that unmarried women and gay couples have mounted to gain access to DI or 
ART in general (Cannold, 2001; Gilchrist, 2002). This is not to mention the more general 
challenge they have faced to be recognized as ‘legitimate’ parents with the same rights as 
heterosexual couples (Button, 2000; Dempsey, 2006; Pullella, 2005). Perversely, a 
woman, responsible for winning DI rights for single women was unable to use ART 
herself, as she was ineligible for IVF treatment and unable to use donor sperm because 
she was clinically infertile (Hudson, 2001). Some infertility clinics in the United 
Kingdom still regard the need of a child to have a father and a mother reason enough to 
bar lesbian couples from accessing infertility treatment (D. Lee, 2004) and in the 
Australian context, individuals have raised concerns about the emotional well being of 
children raised by same sex parents (Letters to the Editor, 2004). The Victorian Law 
Reform Commission (VLRC), however, reviewed the current eligibility criteria in 
Victoria (Consultation Paper, 2003) and after reviewing two occasional papers (McNair, 
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2004; Tobin, 2004) recommended that lesbian and single women have access to IVF 
treatment (Nader, 2005e; Parentage, 2005). These recommendations were incorporated 
into the Assisted Reproductive Treatment Act 2008 (Vic). There are still ongoing concerns 
though, about the right of adults to become parents taking precedence over a child’s right 
to identity and an optimal family environment (Editorial, 2000, 2005; Wroe & Murphy, 
2005). In 2005 a 36 year old woman, in the Victorian Supreme Court  (Australia), won 
the right to become pregnant with her dead husband’s sperm (Gregory, 2005; Kerbaj, 
2005) and set a precedent for ‘posthumous reproduction’ (Benshushan & Schenker, 
1998). A phenomenon referred to as ‘reproductive tourism’ (Spar, 2005) has now ceased 
between the Australian states of Victoria and New South Wales (NSW) since the Assisted 
Reproductive Treatment Act 2008 (Vic) and single and lesbian women in Victoria no 
longer need to cross the border into NSW to legally access ART. Chapter 6 describes how 
policy regarding access to ART and DI treatment remains inconsistent though – around 
the world and between the Australian states – and this relates directly to primary research 
question and to subsidiary question number four: which investigates if the US model for 
estimating the donor limits based on consanguinity risk is reliable or transferable to other 
countries, such as Australia. 
2.2.4 ETHICAL AND PSYCHOSOCIAL CONSIDERATIONS AND STAKEHOLDER INTERESTS 
With donor anonymity having been revoked in a number of countries, including the UK 
and Australia (Pennings, 2005a, 2005b; Rice-Oxley, 2005), ART authorities not only 
need to consider the possibility of inadvertent consanguinity, but also the complex social 
relationships that are now possible (Rice-Oxley, 2005; Streisand, 2006). Consequently, 
limiting the number of sperm any one donor can donate has become not only a biological 
issue, but an urgent psychosocial concern as well as (Janssens et al., 2006; Sheldon, 
2002). As a result, there is an increasing need to research the social and familial 
consequences of the revocation of sperm donor anonymity, as the management of these 
psychosocial outcomes needs consideration when setting donor limits. 
As previously mentioned, using consanguinity prevention as the sole focus for donor 
limits (Kuring, 2004) is no longer legitimate because of the additional considerations 
articulated by the various stakeholders in DI – treatment providers, donors, recipient 
families, and DI offspring –  especially with the revocation of donor anonymity: 
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1). Treatment providers and practitioners need to be considered to ensure the 
continued availability of donors (Cohen, 2005; Nader, 2005c), especially, as in Victoria, 
where lesbian and single women have gained access to ART and DI treatment (Nader, 
2007; Victorian Law Reform Commission, 2007). The concern over plummeting sperm 
donor numbers and difficulty in recruitment were being expressed as early as 1994. In a 
Danish study to determine sperm donors’ response to the revocation of anonymity 60% of 
donors indicated they would not continue to donate if they could not remain anonymous 
(Pedersen, Nielsen, & Lauritsen, 1994). The possible shortage of donors in the United 
Kingdom sparked a debate as to whether financial incentives should be used to recruit 
donors and concern was raised as to the possibility of exploitation by providers and 
falsification of documents (Shenfield & Steele, 1995). In response to the United Kingdom 
and Canada considering laws constraining gamete recruitment methods such as payment, 
it was concluded that policy and ethical considerations demanded that ‘collective 
consequences’ be carefully examined and the welfare of all parties considered (K. 
Daniels, 2000).  Then, in response to a nearly 60% decline in British sperm donations 
between 1992 and 2002 a sperm bank in the United States sought permission to export 
‘bulk shipments’ of donor sperm into the United Kingdom (Willing, 2002). Two years 
later a critical appraisal was undertaken regarding psychosocial policy formation 
regarding gamete donation in the United Kingdom and it was concluded that the same 
rigor should be applied to it as any other medical and scientific policies (Blyth, 
Crawshaw, & Daniels, 2004). In 2005, and faced with the possibility of longer than the 
customary one or two year wait for donated gametes now that anonymity is no longer 
legal, it was again suggested that a financial allowance may promote donor recruitment 
(Craft & Thornhill, 2005). A debate again erupted in the United Kingdom and Belgium 
with the Swedish experience being used to indicate that older, more stable men should be 
being targeted due to concern over the calibre of donor financial incentive would attract 
(Pennings, 2005a). It was suggested that payment may be prejudicial to children’s welfare 
by deterring altruistic donors (Shenfield, 2005) and the whole notion of remuneration 
decreasing anxiety about the removal of anonymity was put in doubt (K. Daniels, 2005a). 
In the Australian state of Victoria every state male Member of Parliament (MP) under 45 
was invited to become a sperm donor (Davies, 2005). This was in response to the 
dwindling supplies in Victoria at the time and due to men’s concern about the pending 
revocation of anonymity (Nader, 2005b). In response to the pending changes to Victorian 
legislation (Victorian Law Reform Commission, 2007) and the concern about the 
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‘floodgates’ opening in response to single and lesbian women gaining access to infertility 
treatment footballers have been asked to help sperm supplies and the ban lifted on gay 
men donating (Nader, 2007). 
2). It was not long ago that donors required anonymity and expected financial 
reward (Lui et al., 1995; Pedersen et al., 1994). This right to anonymity though has been 
under threat for some time now with one of the issues certainly being the prevention of 
consanguinity, as was the concern, in India, when an examination into the potential 
conflict between the donor’s ‘right to privacy’ and the child’s ‘right to know’ was 
undertaken (Basu, 2004). Further to this, now that disclosure is being encouraged and 
anonymity revoked donors will require consideration and support due to the complexities 
of possible relationships with multiple children and their respective families. The profile 
of sperm donors has changed since the revocation of anonymity and their motivation for 
donating more likely to be altruistic (DiLascia, 2006; Rice-Oxley, 2005; Ripper, 2008; 
Streisand, 2006). In the United States where anonymity is still possible there is a call for 
better tracking of sperm donors and their children so that 100% reporting of pregnancies 
can occur and a national register be set up (DiLascia, 2006). In Victoria, almost half of 
the telephone calls and emails to the ITA, in response to the ‘Time to Tell’ Campaign, 
were from sperm donors, many of them voicing their support for disclosure (ITA, 2006). 
3). Recipient families have need of support, particularly now with the revocation 
of anonymity (ITA, 2006) and the possible change in definition of what constitutes 
‘family’ (K. Daniels, 2005b; Victorian Law Reform Commission, 2007). It has been 
previously documented that the underlying conflict that partners can experience due to the 
infertility and the DI procedures themselves must be considered and addressed before 
undertaking infertility treatment (Berger, Eisen, Shuber, & Doody, 1986) because, 
although achieving pregnancy is initially the primary concern, the needs of the child and 
family become paramount after birth (Golombok et al., 2004; Nachtigall, Tschann, 
Quiroga, Pitcher, & Becker, 1997). There is also a need for recipient families to be aware 
of the potential dangers in using infertility treatment. A Queensland fertility clinic   
(Townsend, 2005) has observed a connection between a man’s occupation and the quality 
of their sperm. Fertility is known to be dropping in women because of their choice to bear 
children later in life but dropping fertility in men can now be linked to occupation. 
Exposure to petrochemicals in the trades and generally among ‘blue collar’ workers has 
been identified. With those affected, damaged sperm that is unable to produce a 
pregnancy in the natural environment can be used in IVF treatment and damaged y 
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chromosomes, not usually passed on, can be, through ART. The resultant male child is 
then possibly infertile too (Townsend, 2005). Smoking in the six months prior to 
conception may damage sperm cells and cancer is being cited as 1.7 times more likely in 
offspring under five years of age as a result of their genetic father smoking (AAP, 2005). 
Are sperm donors screened for this? It has been acknowledged that evidence shows a 
slightly increased risk of birth defects – along with a risk of a slightly smaller, premature 
baby born by caesarean section when using ART (Noble, 2005). There is also a higher 
likelihood of multiple births when using infertility treatment (Wang et al., 2007). 
Changes in legislation across Australia regarding access to donor identity and the 
revocation of anonymity, as well as the Victorian Law Reform Commission’s 
recommendations regarding the definition of ‘family’ – with the inclusion of single parent 
families and gay partnerships (Victorian Law Reform Commission, 2007) – has  put more 
pressure on the recipients of infertility treatment and in particular those receiving DI 
treatment. This has put a strain on the already dwindling supplies of donor sperm 
(Godman et al., 2006; Willing, 2002). In response to this dwindling supply in donor 
sperm it has been suggested, in Belgium, that a new paradigm to the collection and 
allocation of donor sperm be implemented where the partner of the recipients of other 
forms of ART donates in exchange for a place on the treatment waiting list (Pennings, 
2005b) and in Victoria, a Melbourne clinic is encouraging recipients to provide their own 
donors (Kirkman, Rosenthal, & Johnson, 2007).  Use of family members as donors or 
surrogates and consanguineous gamete donation has been deemed ethically sound but 
counseling is encouraged for all concerned  (American Society for Reproductive 
Medicine, 2003). Although it was seen as a way to maintain genetic association between 
father and child, concern was raised, however, about father to son sperm donation 
(Nikolettos, Asimakopoulos, & Hatzissabas, 2003). Changes to the definition of ‘family’ 
to include single parent families and gay partnerships that have been include in new 
legislation should relegate to the past issues about genetic and social parent rights that 
have been issue over recent years (Akker, 2001; Boule, 1991; Editorial, 2000, 2001, 
2005; Videnieks, 2003). 
4). Donor-conceived people, most importantly, need support and consideration 
due to their newly realised right to knowledge about their donor parents and possible 
multiple half-siblings (Boule, 1991; ITA, 2007b; Kuring, 2004). In Victoria, therefore, it 
is now possible for the donor-conceived adult to address concerns about consanguinity 
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and genetic heritage and access support for the process (ITA, 2006). As the ‘best interests 
of the child’ is viewed as being of  ‘primary importance’ (McNair, 2004; Tobin, 2004) 
there is concern over the Victorian legislation, that came into effect July 1 2006, that 
enables health officials to contact adult DI children telling them they were fathered by a 
sperm donor (ITA, 2006; Nader, 2005f). Research indicates that  the relationship between 
DI children and their social parents may well be stronger and healthier than in many 
natural conception families (Golombok et al., 2004) but many families (about 50 -70%) 
do not tell their children of their donor origins (ITA, 2006; Nader, 2005d) so ostensibly 
the first indication these children could have of their origins may be through a letter from 
the then ITA. In response to this the VLRC (Consultation Paper, 2003) has advised that 
only children have the right to initiate contact (Nader, 2005a). When it was reported that 
the then ITA had launched the ‘Time to Tell’ campaign (ITA, 2006) it was also reported 
that the state government had decided against changing legislation and to allow donors to 
initiate contact as was provided under the 1984 ACT (Nader, 2006). The literature related 
to the public-interest issues that require consideration when legislating in regards to ART 
and DI described in Chapter Seven. 
2.2.5 REVOCATION OF DONOR ANONYMITY 
The passing of the Assisted Reproductive Treatment Act 2008 (Vic), based on the 2007 
recommendations of the Victorian Law Reform Commission, Assisted Reproductive 
Technology and Adoption: Final Report (Victorian Law Reform Commission, 2007); the 
passing of the Assisted Reproductive Technology Act 2007 (NSW);  as well as the Human 
Reproductive Act 1991 and Amendment Act 1996 (WA) highlight the rapidly changing 
socio-political environment regarding donor anonymity. The 1984 Victorian Act that now 
permits access to identifying information for both donor and offspring and the 1995 and 
2008 Victorian Acts which revoked anonymity has meant that stakeholders have had to 
reassess their position regarding sperm donation and donor insemination. A study into the 
move towards the open-identity donor system, now current in Western Australia, for 
instance, concluded that it would benefit the majority of recipient parents who are 
intending to inform their child of their origins but would result in a 50% decline in the 
number of potential sperm donors (Godman et al., 2006; Ripper, 2008). A Dutch law 
introduced in 2004 effectively put the wishes of the offspring above all other 
considerations and abolished anonymity in The Netherlands (Janssens et al., 2006). 
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This rapidly increasing position of openness and acceptance has been a long time coming 
and resistance to it has been strong with many proposing strong arguments for and against 
disclosure. A literature review initiated by the ITA in 2005 (Loughnane & Kirkman, 
2006) examined what the literature says about how parents manage when faced with 
telling their donor-conceived children about their origins. A complex picture emerged 
about what constitutes family, identity and genealogy. Questions have been raised in 
regards to whether parents should, in fact, be supported in whatever decision they made 
and if, in fact, anonymity of donation is deleterious to the child (Shenfield, 1997; 
Shenfield & Steele, 1997). There was suggestion of the need for assistance in telling 
children (Blyth, 1998). Prior to the privacy versus disclosure debate, which started in the 
late 1990s, a study into parental attitudes after donor insemination in 1982 revealed that 
of the 92 couples interviewed only one intended to tell their child the truth and the 
majority chose not to inform anyone (Milson & Bergman, 1982). Daniels (1988) found 
similar attitudes prevailed among the 37 donors and 55 couples he interviewed regarding 
issues of secrecy (K. Daniels, 1988) although a study involving 25 lesbian couples and 25 
heterosexual couples revealed that the lesbian couples intended to inform their children 
while the heterosexual couples did not (Brewaeys, Kristoffersen, Steireghem, & Devroey, 
1993). Parental attitude has consistently been one of not wanting to inform anyone about 
using donor sperm (Cook, Golombok, Bish, & Murray, 1995; Durna, Bebe, Steigrad, 
Leader, & Garrett, 1997; Klock, Jacob, & Maier, 1994) and secrecy appears to have been 
more associated with DI than with IVF (Brewaeys, 1996). In Sweden, despite legislation 
in 1985 giving DI children the right to identifying information about their donor, a 1998 
survey revealed that 89% of parents had not informed their children of their DI origins – 
raising concerns about children being informed of donor origins by someone other than 
their parents (Gottlieb, Lalos, & Lindblad, 2000). In a follow-up study (Lalos, Gottlieb, & 
Lalos, 2007) 61% of parents had shared information about the DI treatment with their 
children but less than two-thirds of these parents had also informed their children about 
their right to obtain identifying information about their donor. It was concluded that there 
was a need to organize education, support and discussion between professionals and 
provide counseling and support for parents if the legislation was to be adequately 
implemented.  
In 2001 a serious debate erupted in the United Kingdom about how to address the issue of 
donor anonymity and disclosure and it was suggested that British law was in need of 
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review (K. Daniels & Thorn, 2001; Frith, 2001; McGee, Brakman, & Gurmankin, 2001; 
McWhinnie, 2001). A suggestion was made to view DI as an issue concerning the whole 
family and that a similar model be applied to the use of donor gametes as that used in 
adoption (McGee et al., 2001). British law was reviewed and it was announced in 2004 
(Aiken, 2004; Blyth et al., 2004) that from April 2005 only donors willing to eventually 
give their name to their donor offspring would be recruited (Shenfield, 2004). Similar 
legislation was passed in Victoria in 1995 and reviewed again in 2008 (ITA, 2006). The 
fact remains though, many parents are hesitant to disclose the fact that they have used 
donor sperm, to both their children and extended families (Halliday, 2007; Lycett, 
Daniels, Curson, & Golombok, 2005; Skatssoon, 2003). 
With donor anonymity having come to an end in seven European countries – the UK, 
Sweden, Austria, Norway, the Netherlands, Switzerland and Finland (Blyth & Frith, 
2009) – it is now illegal to use anonymous donor sperm in these countries. These 
restrictions also apply to New Zealand (NZ) and the Australian states of Victoria, NSW 
and Western Australia. The same restriction does not yet apply in the United States but 
due to the availability of genetic data bases on the internet it is possible for donor children 
and/or their parents to track down sperm donors (Freeman, Jadva, Kramer, & Golombok, 
2009; Kramer, 2000; Streisand, 2006). Subsidiary question number six asks what factors 
need to be considered when placing limits of the use of open-identity  donors and the 
sixth paper, as described in Chapter 8, explores the literature related to this question. 
The first of the five themes related to the previously published models used for informing 
evidence-based donor limits. My first paper, published in  Fertility and Sterility (Sawyer 
& McDonald, 2008) reviewed these models and is reproduced in the following chapter. 
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CHAPTER 3: REVIEW OF MATHEMATICAL MODELS 
 
3.1 INTRODUCTION 
From my initial literature search it became apparent that many countries have limits on 
the number of offspring each anonymous sperm donor can father – to reduce the 
likelihood of inadvertent half-sibling mating between their biological offspring (Kuring, 
2004). It was also apparent that these limits varied considerably between countries, and it 
was on the basis of these findings that I conducted a search to identify if there were any 
published models for calculating sperm donor limits. The objective of this first paper was 
to review the mathematical models that had been previously used to determine sperm 
donor limits for infertility treatment and, based on the disparity in donor limits between 
countries, consider if there was a need to develop a new, internationally recognized and 
applicable model for calculating sperm donor limits. The models for determining sperm 
donor limits were identified through bibliographic databases. The variables used in the 
published models were defined, evaluated and assessed for relevancy and applicability. 
How the variables were used to predict the likely number of inadvertent half-sibling 
matings and contribution to the population coefficient of inbreeding (F) were described. 
The text of this paper was structured in accordance with the guidelines outlined by 
Fertility and Sterility the journal in which it was published  (Sawyer & McDonald, 2008). 
An off-print of the actual paper, as it appears in the journal, is attached at the end of the 
chapter (see App 3.4). 
3.2 PAPER 1:  ‘A REVIEW OF MATHEMATICAL MODELS USED TO DETERMINE 
SPERM DONOR LIMITS FOR INFERTILITY TREATMENT’ 
It is estimated that more than 3 million babies have been born using assisted reproductive 
technology (ART) over the last 30 years, with about 200,000 currently being born each 
year4. The total number of offspring from anonymous donor sperm, however, is not 
known, although there are reports of the multiple use of individual donor’s sperm and, in 
particular, of one sperm donor being responsible for one to two hundred pregnancies 
(McWhinnie, 2001). Ostensibly, ‘safe’ or ‘acceptable’ limits to the number of offspring 
for each anonymous sperm donor have been introduced in many countries for the reason 
that the unrestricted use of anonymous donor sperm carries a greater risk of consanguinity 
(de Boer et al., 1995; Wang et al., 2007). The National Library of Health defines 
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consanguinity as, ‘descent from a common ancestor; [where] a consanguineous couple is 
usually defined as being related as second cousins or closer’  and the Dictionary of 
Genetics defines it as ‘Meaning between blood relatives; usually refers to inbreeding or 
incestuous matings’  This is an important consideration since consanguineous mating 
introduces an increased risk of serious abnormality in offspring. For instance, it 
introduces an additional 2% risk of serious abnormality for offspring from first 1st cousin 
marriages and an additional 10% risk with half-sibling pairings (Danks, 1983). These 
‘safe’ limits to the number of offspring per donor, however, seem to have been arbitrarily 
set and vary considerably between countries (Kuring, 2004; Wang et al., 2007). For 
example, despite a population difference of 233.6 million people, there is a limit of ten 
offspring per donor in both the United Kingdom and the United States (Table 1)5. 
Similarly, despite similar populations, France permits five offspring per donor while the 
United Kingdom permits ten. Psychosocial and cultural factors, rather than medical-
genetic calculations (Janssens, 2003), seem to have been the primary considerations in 
setting the limits for most countries (Kuring, 2004). Possible explanations for the 
variation could include: a lack of thorough investigation into the issues that inform the 
establishment of limits; a failure to document those issues; the protection of donor 
anonymity; the availability of donors; and commercial donation arrangements (Kuring, 
2004).  With donor anonymity having been revoked in a number of countries, including 
the UK and Australia (Pennings, 2005b; Rice-Oxley, 2005), ART authorities are now not 
only concerned with the likelihood of consanguinity, but also the complex social 
relationships that are possible (Rice-Oxley, 2005; Streisand, 2006; Wang et al., 2007). 
Hence, limiting the number of sperm any one donor can donate has become not only a 
biological issue, but an urgent psychosocial concern as well as (Janssens et al., 2006; 
Sheldon, 2002). As a result, there is an increasing need to investigate the social and 
familial consequences of the revocation of sperm donor anonymity, as the management of 
these psychosocial outcomes needs consideration when setting donor limits. Given the 
significant difference in international limits that are unrelated to population size (Kuring, 
2004), and that donor anonymity is being revoked in many countries, it is recommended 
that a new, internationally recognized model for calculating sperm donor limits be 
developed. This article reviews and evaluates four mathematical models that have been 
described in the literature during the past 30 years. 
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3.2.1 MATERIALS AND METHODS 
Extensive data base searches reveal four published articles describing mathematical 
models that have been developed to predict maximum ‘safe’ sperm donor limits for use in 
infertility treatment (Table 4). These are reviewed and evaluated. 
The first model to be discussed was published by Curie-Cohen in 1980 (Curie-Cohen, 
1980)  for estimating a maximum number of children per sperm donor for each state of 
the USA. This model only considers consanguineous half-sibling matings and assumes 
donor anonymity. The constants used in this model are based on US data and therefore 
can only useful for estimating limits within the United States. The author provided the 
formula, calculations and the variables used, so adaptation for other locations is 
theoretically possible. 
Danks proposed the second model (Danks, 1983) to estimate the risk of unwitting half-
sibling mating as a result of donor insemination. The probabilities are a function of the 
number of donor inseminated (DI) offspring per donor and the number in a given 
breeding pool. This model only considers consanguineous half-sibling matings, as does 
Curie-Cohen in his model. No formula was supplied, although a table was provided that 
described the percentage risk of unwitting half-sibling mating by the number of 
artificially inseminated (AI) progeny per donor and number in breeding pool.  
A third model was described by de Boer et al. (1995),  a derivation of Curie-Cohen’s 
model, for use in the Netherlands. They used very similar variables to Curie-Cohen but 
considered not only half-sibling matings, but all consanguineous matings, unwitting or 
otherwise with a coefficient of inbreeding (F) greater than 1/16. The coefficient of 
inbreeding (F) describes the ‘probability that an individual has received both alleles of a 
pair from an identical ancestral source’ (McDonough, 1997). They did not report the 
formulae or calculations and although detailed calculations were purported to be 
obtainable from the authors, when requested, none were available. Anonymity was 
assumed. 
Another derivation of Curie-Cohen’s model is detailed by Wang et al. (2007) in the fourth 
model. This model considers all unwitting consanguineous matings of a donor- conceived 
child and his/her unknown relative. It uses the same formulae as Curie-Cohen but, apart 
from the inclusion of a greater number of possible consanguineous matings, it also places 
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TABLE 4. COMPARISON OF PREVIOUS MODELS 
Measurements and 
Variables 
 
Curie-Cohen 
(1980) 
Danks       
(1983) 
de Boer et al., 
(1995) 
Wang et al.,          
(2007) 
 Measurement and Variable Values (if available) 
Type consanguineous mating 
considered 
Unintentional 
half-sibling 
mating due to DI 
Unintentional 
half-sibling 
mating due to DI 
Both Intentional & 
Unintentional mating 
with F => 1/16  
Both Intentional  & 
Unintentional with half-
sibling or relative 
Outcome measures Y = Number of 
consanguineous 
mating between 
half-siblings as a 
result of DI 
Table of 
probabilities for 
unwitting half-
sibling mating as 
a result of DI 
Contribution of DI to 
F (the coefficient of 
inbreeding) in a 
given region 
Y = Number of 
consanguineous mating 
between half-siblings and 
relatives as a result of DI 
Formula Y = 2mldC* 
Σ[Si*Qi/Ai] 
Not Available Not Available Y = D*S*m*P  
Average number of natural children 
per sperm donor (Curie-Cohen) or 
fertility rate (Wang). 
f = 3.3 
(1977) 
 Assumed = 2  f = 1.7, 1.5, 1.3, & 1.9  
 
Average number of DI children per 
sperm donor. 
n = 3.9 (1971)   
 
 
 
Maximum number live DI births per 
sperm donor 
  k = 25 
 
 
 
Number children per DI pregnancy    ni      Not Available 
Average number of potential half-
sibling or consanguineous matings per 
donor. Function of n & f (Curie-
Cohen) or n, f and k (Wang). 
m = 11.2 
(1960-77) 
   
Probability a newborn will reproduce.  l = 0.84    (1970)  lr      Not Available l = 0.86 
 
Assortive mating for Age. d = 0.109  (1973)  dr     Not Available d = 0.14 
 
Assortive mating for Phenotype: 
Ear length, stature and IQ. 
C = 1.44 ~2 
 (1956-78) 
 cr     Not Available C = 1.5, 4.3, 9, 18.5 
 
Number of new sperm donors per year 
in a given location. 
  
Si (US state )   
  (1977) 
  D = 400, 300 & 500  
Effective Ratio    S = 1 (100%) or 0.8 (80%) 
 
Number of effective donors per year.  
Function of number donors by 
effective ratio 
   D*S = 300     
D*S = 480         
D*S = 540 
D*S = 600 
Proportion of marriage between 
people born in same given location. 
Qi (US state) 
   (1973) 
 Qr     Not Available Q = 0.76 
 
Numbers of births per year in given 
location. 
Ai (US state)      
(1973) 
 A       Not Available A     Not Available 
 
Probability of mating between any 
random pair in given location. 
Pi (US state) 
(1956-78) 
  P = 2ldC*Q/A 
 
Probability of donor-ship   Pd     Not Available  
Number 20-45 yr old men in a DI 
region 
  B       Not Available  
Assortive insemination by Age   Di     Not Available  
Assortive insemination by Phenotype   Ci     Not Available  
Fraction of relatives living in DI 
region of the recipient 
  Qi     Not Available  
Size of the effective breeding pop to 
which donor and recipient belong 
 > 1,000 
(Australia) 
  
Population size of DI region   800,000  16, 23, 43 & 60 million 
Probability of serious abnormalities in 
offspring of half-siblings 
 0.10 (1967 -71)   
Maximum acceptable risk of 
additional abnormalities due to DI  
 Arbitrarily = 
0.001  
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far more emphasis on assortive mating. It proposes three criteria for evaluating the impact 
of the number of live births per donor. One considers the number of consanguineous 
matings as a result of donor insemination; another considers the effect on the coefficient 
of inbreeding (F), and the other, the incidence of inheritable diseases in the donor region. 
3.2.2 RESULTS 
The first model to be reviewed and evaluated was proposed by Curie-Cohen in 1980 
(Curie-Cohen, 1980) and developed to estimate a maximum number of children per sperm 
donor for each state of the USA. This model only considered consanguineous half-sibling 
matings and assumed donor anonymity. It also made the assumption that the sperm donor 
was a physician who had an average number of f = 3.3 natural children (1977 figure) and 
an average number of n  = 3.9 DI children. This figure of 3.9 was as reported by 270 of 
the 379 physicians performing DI in 1971 (Curie-Cohen, Luttrel, & Shapiro, 1979). These 
numbers were used to determine m , the average number of potential half-sibling matings 
per donor. Since the early 1970s there are two changes that need to be considered in 
regards to the calculation of m  Firstly, donor profiles have altered and, secondly, the 
fertility rate has changed. In the United States it can no longer be assumed that a donor 
will be anonymous (Janssens et al., 2006) or is a physician (Pennings, 2005b; Rice-Oxley, 
2005; Streisand, 2006) or that he will have 3.3 natural children. The estimated fertility 
rate for the United States in 2006 was 2.06  as compared to 3.3 for physicians in 1977 
(Curie-Cohen et al., 1979). It should be noted that in 2006 the estimated fertility rate in 
the United Kingdom was 1.66 and in Australia it was 1.76 (15) and that fertility rate 
refers to the average number of children a woman will bear in her lifetime. Curie-Cohen’s 
model, Y = 2* m *l* d *C*Σ(Si*Qi/Ai), is multiplicative where Y is the number of 
consanguineous matings due to multiple use of donors in artificial insemination. The 
implications of using 2.06 instead of 3.3, keeping all other values the same, is that the 
value for m , the average number of potential half-sibling mating per donor, would be 
equal to 7.71 instead of 11.2. This would reduce the potential number of consanguineous 
matings by 32%.  The authors have been unable to locate a more up to date figure with 
which to compare the 1971 figure of n  =3.9 for the average number of DI children per 
sperm donor in the United States.  Another outdated figure is that used for l, the 
probability that a newborn will reproduce. Based on 1970 data, and only taking into 
account women’s fertility patterns, the value used was l = 0.84 (1973). 
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Curie-Cohen included figures in his formulae to account for the effect of assortive 
mating. Assortive mating is described as the ‘mating of individuals having similar 
qualities or constitutions’  such as similar age, physical attributes and intelligence and 
living in same geographic locations. Random mating, on the other hand, is the mating of 
individuals without regard to any similarity between them . For his model Curie-Cohen 
calculated that assortive mating for age was d  = 0.109, based on data from 1973 
(Department of Health Education and Welfare, 1977b), where the distribution of age 
differences was a function of the probability that a male will be r years older than his 
mate (Department of Health Education and Welfare, 1977b). It was reported that assortive 
mating for phenotype was C = 1.44, with phenotype being defined as the complete 
physical, biochemical, and physiological makeup of an individual which is determined 
both genetically and environmentally Characteristics that are largely independent of each 
other were required for the model so their effect on assortive mating for phenotype would 
not be over estimated. Many physical characteristics such as eye colour and hair colour or 
height and weight are highly correlated and dependent on one another. It has been 
determined, however, that an individual’s IQ, for instance, bears little or no relationship 
(dependency) to their stature or ear length (Spuhler, 1968). So, these three phenotype 
characteristics - ear length (Nagylaki, 1978; Spuhler, 1968), stature (Clark, 1956; Spuhler, 
1968)) and IQ (Nagylaki, 1978; Reed & Reed, 1965; Roa & Morton, 1978) - that are 
known to be largely independent of one another and normally distributed, were used to 
calculate the value of C = 1.44. This value was determined using the correlation between 
married persons in regard to these three characteristics and between half-siblings in 
regards these same characteristics. This value of 1.44 was then used in the model as an 
estimate of the effect these phenotype characteristics were likely to have on the number of 
unwitting half-sibling matings. 
Curie-Cohen acknowledged that marriages between two people born in the same state, Qi, 
are considered in the model, whereas people married in another state are excluded. Also, 
after migration, random mating was assumed, despite having included values for assortive 
mating for age and phenotype. It was understood that geographic assortive mating was 
greater than allowed for in the model because mates often come from the same city, as do 
DI half-siblings. This is because, at the time, 45% of physicians performing DI only 
treated women from a single city (Eckland, 1982).  Assortive mating for non-genetic 
characteristics for which DI children are likely to be similar is also not considered 
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(Rodman, 1965). These non-genetic characteristics were due to, for example, donor and 
recipient often being matched for religion and also likely to be of similar socio-economic 
background. In conclusion, the author concedes that his model probably underestimates 
the number of half-sibling matings per year (Curie-Cohen, 1980). 
In the second model, Danks (Danks, 1983) predicted the risk of unwitting half-sibling 
mating as a result of DI in the Australian context.  This model only considers 
consanguineous half-sibling matings He makes the assumption that the presence of 
serious abnormalities in the progeny of incestuous matings ranges from 10% to 15% and 
predicted that the rate of abnormalities associated with half-sibling mating will be 10%. 
This is based on findings he cites in the literature (Adams & Neel, 1967; Carter, 1967; 
Seemanova, 1971) where the results were based on small sample sizes and not 
representative. Danks stated that the maximum acceptable risk of additional abnormal 
offspring due to DI half-siblings mating is an ‘arbitrary figure’ (Danks, 1983) of 0.1%; 
that the average number of natural offspring a donor will produce is 2; and that, for 
Victoria, the effective breeding pool, for middleclass Anglo-Saxon Australians is in 
excess of 1,000. No formula was supplied, although a table describing the percentage risk 
of unwitting half-sibling mating by number of AI (artificially inseminated) progeny per 
donor and number in breeding pool was provided. 
The third model, developed by de Boer et al. (1995), was for use in the Netherlands and is 
currently used in that country to calculate limits. This model considers not only half-
sibling matings, but also all consanguineous matings, unwitting or otherwise, with a 
coefficient of inbreeding (F) greater than 1/16. The authors made the assumptions that 
there is anonymity, and use many of the same variables as Curie Cohen (1980). These 
include the likelihood that a newborn will reproduce, the probabilities associated with 
assortive mating by age and phenotype, the fraction of people that mate in the area in 
which they were born, and the average number of newborns per year. Additional variables 
used in the model were the probability of donor-ship, the fraction of relatives that live in 
the DI region of the recipient, and the number of 20-45 year old males in a DI region. 
The limitations acknowledged by the authors are that the average coefficient of 
inbreeding (F) for the Netherlands was only based on first cousin matings and uncle/aunt 
matings with niece/nephew.  Also, differences between communities of the assortive 
mating for race, religion and socio-economic class were neglected, and, it was therefore 
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recommended that calculations be done for local ethnic communities. The calculations 
were also based on an average catchment area of 800,000 residences. 
In response to the rationale behind the variables used in the above model, the question 
was raised by Egeland (1997) as to whether the outcome measure (F) may not be 
appropriate to substantiate the conclusions of de Boer et al. (Egeland, 1997) It was 
pointed out that Curie-Cohen’s (1980) model, on which de Boer et al. based their model, 
required figures regarding assortive mating due to age, phenotype and geography, and 
that de Boer et al. quoted no figures regarding these. Egeland et al. (1997) questioned the 
possibility of producing reliable estimates for assortive mating, considering the possibility 
of DI children organizing support groups and the fact that preferential mating with respect 
to geography has changed dramatically over the last 40 years (up to 1997) and will 
continue to do so. They maintain that, to be of any value, a model describing assortive 
mating should predict reality in the distant future, and that the number of half-sibling 
pairs one donor gives rise to grows roughly quadratically with the number of children he 
fathers. This is important because the model developed by de Boer et al. favours a 
maximum of 25-30 children per donor. Comparatively then, a limit of 30 children would 
give rise to 225 pairs, whereas a limit of 10, as is currently the case in Belgium, would 
give rise to just 25 pairs. 
Wang et al. (2007) in the fourth, and final, model considers all unwitting consanguineous 
matings of a donor-conceived child and his/her unknown relative. It uses the same 
formulae as Curie-Cohen but, apart from the inclusion of a greater number of possible 
consanguineous matings, it also places far more emphasis on assortive mating. Despite 
being published recently in 2007, it uses constants calculated by Curie-Cohen for the 
United States drawing upon data from 1956 – 1978 (Curie-Cohen, 1980). Constants relate 
to l, the probability a newborn will reproduce, d , assortive mating for age and C, 
assortive mating for phenotype. The formula supplied is the same as Curie-Cohen’s but 
because of the emphasis placed on assortive mating, with scenarios presented using 
values from 1.5 to 18.5, and the inclusion of all possible unwitting marriages between the 
DI child and a relative, the number of consanguineous matings estimated is much larger 
than what Curie-Cohen would have estimated given exactly the same population data. 
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3.2.3 DISCUSSION AND CONCLUSIONS 
This literature review determined that although exact numbers of offspring born as a 
result of DI are unknown, many countries have introduced limits to the number of 
offspring each anonymous sperm donor can father. These limits, however, vary 
considerably between countries. 
A review of the four published reports describing mathematical models for predicting 
maximum donor limits to prevent inadvertent consanguinity (Curie-Cohen, 1980; Danks, 
1983; de Boer et al., 1995; Wang et al., 2007) has established that the formulae, 
calculations and some variables used are either unavailable for analysis, or, as in the case 
of the United States model (Curie-Cohen, 1980), now outdated and based on incorrect 
assumptions. The data used to inform the variable values range from 1956 to the late 
1970s, with many of the values having changed or become obsolete. For example, due to 
changing social attitudes and norms, children are being born outside of formal marriage 
arrangements , the profile of the typical donor is changing as a result of the revocation of 
anonymity (Rice-Oxley), and with changes in migration and fertility patterns (Egeland, 
1997), the rationale behind some of the variable values used in the formulas is potentially 
inaccurate and therefore deficient in their ability to predict donor limits suitable for the 
present-day. Further to this, the revocation of donor anonymity in many countries poses a 
challenge to the valid use of any of these formulae due to their assumption of donor 
anonymity. 
It is therefore recommended that an up-to-date, internationally recognized model be 
developed for calculating acceptable limits for the use of donor sperm that can be used at 
a state or national level. There were five properties that would be useful in a new model: 
1) A suitable adjustment in response to the revocation of donor anonymity with the 
possible use of instrumental variables capable of quantifying the abstract concepts 
inherent in the assessment of the psychosocial dynamics requiring consideration; 2) The 
capability to include variables that more accurately reflect contemporary patterns of 
mating and reproduction; 3) The inclusion of variables that can be used in randomly 
generated, as well as systematic simulations to generate scenarios for predicting levels of 
risk of consanguinity for regulatory agencies to use in setting donor limits; 4) Give IVF 
clinics the ability to predict the local number of offspring for a given probability of 
consanguinity occurring and thus not raise the local coefficient of inbreeding; and, 5) 
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World wide adaptability through the capacity to adjust the level of model sophistication 
depending on the availability of socio-demographic and epidemiological data in a given 
location. Further research into the social and familial consequences of the revocation of 
sperm donor anonymity should also be undertaken, as guidelines concerning the 
management of these consequences are urgently required. 
3.3 SUMMARY 
Many countries have introduced limits to the number of offspring each anonymous sperm 
donor can father but these limits vary considerably and few limits have any evidence-
base. Four published models for calculating sperm donor limits were identified but the 
variable values used in the models were found to be outdated and inadequate for use in 
the present-day and require updating (Sawyer & McDonald, 2008). To address this 
problem and both the international disparity in donor limits and lack of evidence-base 
currently used to determine limits, this paper recommended that an internationally 
applicable formula be developed for calculating acceptable limits – based on empirical 
evidence. Moreover, it also recommended that further research be undertaken into the 
social and familial consequences of the revocation of sperm donor anonymity and the 
implications for the setting of limits for open-identity donors. 
The second of the seven papers, reproduced in Chapter 4, describes the investigation I 
undertook to determine if Curie-Cohen’s model could, in fact, still be used to calculate 
the number of inadvertent half-sibling matings that are likely to occur due to the multiple 
use of sperm donors – using present-day variable values from US demographic 
information.  
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3.4 APPENDIX: PDF of first paper as it appears in Fertility & Sterility 
 
 
 50 
 
 
 51 
 
 
 52 
 
 
 53 
 
 
 54 
 
 
 55 
 
 
 56 
CHAPTER 4: UPDATE: HALF-SIBLING MATING IN THE US  
 
4.1 INTRODUCTION 
The objective of this second paper was to report the results of using up-to-date variable 
values in Curie-Cohen’s 1980 model for predicting the number of half-sibling matings 
due to the multiple use of sperm donors in the United States. A database and literature 
search was used to determine the values for calculating up-to-date variable values for 
predicting the number of half-sibling matings per year. These were identified through 
government and bibliographic databases. The variables from a previously published 
model by Curie-Cohen (1980) for estimating numbers half-sibling matings due to the 
multiple use of sperm donors were evaluated and assessed for relevancy and applicability 
in 1990 and the present-day. The main outcome measure in this study was the relevance 
and applicability of the model variables and if they could be used for application in the 
present-day, and if so, how that number has changed in response to the use of up-to-date 
variable values. This paper was structured in accordance with the guidelines outlined by 
Fertility and Sterility, the journal to which it was submitted in October, 2007. 
4.2 PAPER 2: ‘UPDATE: HALF-SIBLING MATINGS DUE TO DI IN THE UNITED 
STATES’ 
Exact numbers of offspring born as a result of artificial insemination by donor (DI), 
world-wide, are unknown (Daniels & Golden, 2004). Many countries, however, limit the 
number of offspring each anonymous sperm donor can father so as to reduce the risk of 
unwitting half-sibling mating (Kuring, 2004). These limits, nevertheless, vary 
considerably between countries (Kuring, 2004) and are not informed by a universally 
recognised model for calculating limits. There was a model developed, by Curie-Cohen 
for use in the US in 1980 (Curie-Cohen, 1980) and this formed the basis for the 
calculations of sperm donor limits in The Netherlands (de Boer et al., 1995) and in 
Taiwan (Wang et al., 2007) but has not since been updated or applied in any other country 
or context. 
A review of published papers (Sawyer & McDonald, 2008) describing models for 
predicting the possible number of half-sibling matings and maximum donor limits to 
prevent inadvertent inbreeding (Curie-Cohen, 1980; Danks, 1983; de Boer et al., 1995; 
Wang et al., 2007)  has established that in the case of the United States (US) model 
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(Curie-Cohen, 1980), some variables are now outdated or irrelevant. The data used to 
inform the variable values for the US model range from 1956 to the late 1970s, with at 
least some of the values having altered or become outdated. For example, due to changing 
social attitudes and norms in the United States there have been: changes in migration and 
fertility patterns (Egeland, 1997); an increase in the number of children born outside of 
formal marriage arrangements (Sawyer & McDonald, 2008); a change in the profile of the 
typical donor (Daniels & Golden, 2004; DiLascia, 2006); and, the commercialization of 
sperm banks – meaning that DI is now not only administered by medical practitioners but 
is also driven by consumer demand (Daniels & Golden, 2004; Harmon, 2006). The 
irrelevance of some of the variables and the difficulty in calculating the values for other 
variables used in the 1980 model render the model wanting in its capacity to predict donor 
limits suitable for the present-day or the future. 
This paper will review current practice regarding DI in the United States and endeavour 
to apply the Curie-Cohen model using present-day variable values to illustrate how 
changes in DI practice, migration and marriage patterns, and fertility rates have rendered 
this model deficient in its ability to reliably predict the number of half-sibling matings 
due to multiple use of sperm donors for the present 
4.2.1 MATERIALS AND METHODS 
The model published by Curie-Cohen in 1980 (Curie-Cohen, 1980) is the only model that 
has been developed and actually used by other countries to predict half-sibling mating as 
a result of DI practice. The Netherlands and Taiwan used models that are based on Curie-
Cohen’s model and use essentially the same variables and many of the same values. 
Curie-Cohen’s model was used for estimating the number of half-sibling matings likely to 
occur, per year, as a result of multiple use of sperm donors in artificial insemination by 
donor (DI) in the United States (US). This knowledge was then intended for use in the 
setting of an optimal or maximum number of children per sperm donor for any state, or 
designated location, within the US. Curie-Cohen’s model assumed donor anonymity and 
it only considered half-sibling matings. In other words, it did not consider other possible 
unions between a donor inseminated child and a paternal relative such as a donor’s DI 
daughter and his brother (Bittles, 2001). Curie-Cohen stated that his model probably 
underestimated the number of half-sibling matings per year (Curie-Cohen, 1980) because, 
even though only the proportion of marriages between two people born in the same state, 
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was considered in the model it was understood that geographic assortive mating was 
probably still greater than what was allowed for in the model. This was because, at the 
time, 45% of physicians performing DI only treated women from a single city (Eckland, 
1982) and so mates often came from the same city, as did DI half-siblings. Even though 
donor and recipient were often matched for religion, and likely to be of similar socio-
economic background and for which DI children are likely to be similar, assortive mating 
for these non-genetic characteristics were not considered (Rodman, 1965). The variable 
values used for this model were based on US demographic data from the 1970 to 1979 
with data gleaned from government publications (Bureau of Census, 1973; Department of 
Health Education and Welfare, 1977a, 1977b), a report on a 1977 survey regarding DI 
practice in the US (Curie-Cohen et al., 1979) as well as journal articles (Cavalli-Sforza, 
Kimura, & Barrai, 1965; Glass, 1960; Hajnal, 1960; Schull & Neel, 1972), and books 
regarding social and genetic aspects of mating published between the years of 1956 and 
1978 (Eckland, 1982; Finegold, 1964; Rodman, 1965). 
The simplest form that Curie-Cohen’s model can take is that of Y = S* m *P where: Y is 
the predicted number of half-sibling matings in a given year; S is the number of effective 
sperm donors used in that year; m  is the expected number of potential matings between 
children of a single donor; and P is the probability that a random pair of half-siblings will 
mate. In this simple form of the model S and m  pertain to the donor and are potentially 
easy to calculate but P, which is relevant to the DI child, depends on l, the likelihood of a 
child reproducing combined with assortive mating for age ( d ), phenotype characteristics 
(C), and geographic location (2*Q/A ). It is approximated by P = l* d *C*(2*Q/A). 
Rearranged and written out this equates to Y = 2* m *l* d *C*Σ(Si*Qi/Ai). 
There have been many demographic and technological changes in the US over the past 30 
years. To investigate how these changes may have impacted on the likelihood of half-
sibling mating due to DI this present study will use the Curie-Cohen model to predict the 
number of half-sibling matings as a result of DI for the present-day, using up-to-date 
variable values. The data used for estimating the variable values for predicting Y for the 
present-day were again gleaned from government publications (National Center for 
Health Statistics, 1988a, 1988b, 1990, 1996, 2006, 2007; U.S. Census Bureau, 2006a, 
2006b, 2007), journal articles from 1979 to 2006 (Curie-Cohen, 1980; Curie-Cohen et al., 
1979; Daniels & Golden, 2004; DiLascia, 2006; Shapiro, Saphire, & Stone, 1990) and 
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sources previously referred to by Curie-Cohen (Eckland, 1982; Finegold, 1964; Rodman, 
1965; Schull & Neel, 1972).  It was noted by this author that a problem existed with the 
implementation of the model in 1980 in regards to a generational lag. Simply put, Curie-
Cohen estimated all his variable values based on data available regarding the generation 
of adult men and women at the time of his investigation. This means that the variables m  
and Si, which pertain to the sperm donor at the time of insemination and the variables for 
P, the probability of half-siblings mating, which relate to the DI children when they come 
of age, were all estimated for the same generation. Consequently, this paper will explore 
two scenarios in regards to m and Si. Firstly, the impact of the 1980 values for these 
variables on present-day estimates for P (the probability of half-siblings mating) and Y 
(the number of half-sibling matings) – for DI children conceived in around 1980; and 
secondly, the impact of the 1990 variable values for m and Si on present-day estimates 
for P and Y – for DI children conceived around 1990. 
4.2.2 RESULTS 
There were three variable values in the model – Si, Qi and Ai – that Curie-Cohen obtained 
or calculated for each state individually. They were multiplied, divided and summed, 
using Σ(Si*Qi/Ai). This term was then used in the model with the variable values for m , l, 
d  and C which were estimated nationally. It was found that although the values for Qi 
and Ai (which relate to the DI offspring) could be obtained or calculated for each state in 
the present-day; values for Si (number of donors used) for each state could not be directly 
calculated for 1990. This was due to the unavailability of suitable data. A 1990 value for 
m  was available however, and the variables for calculating P, the probability of a random 
pair of half-siblings mating, was available for the present-day. A comparison of the model 
variable values in 1980 to those relevant to the donor in 1990 (S and m ) and the offspring 
in the present-day (P) is summarized in Table 5. 
Model variables related to donors 
In 1980 Curie-Cohen calculated Si, the number of donors used in a given year in each 
state, by dividing the number of DI births in the state by the national average number of 
births per donor ( n ). The value for n  was estimated from reports by physicians 
performing DI in 1977 (Curie-Cohen et al., 1979). It was estimated that, nationally, the 
average donor produced, on average, approximately n = 3.9 live births with var (n) = 7.6. 
Curie-Cohen predicted that although, nationally, there were an estimated 3576 DI births 
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in 1977 (Curie-Cohen et al., 1979), only one third of  births were reported. To adjust for 
this 3,576 was multiplied by three to become 10,728 DI births. Based on this estimate a 
value for S, the total number of donors nationally (the sum of  Si), was approximated to 
10,728 ÷ 3.9 = 2751 (Curie-Cohen, 1980). Based on data available in 1990 it is 
impossible to calculate Si for each individual state. However, according to a 1986 survey 
into DI practice the number of DI births in the US was estimated to be around 24,000 per 
year and the average number of DI offspring per donor to be n  = 2.7 (Shapiro et al., 
1990). Therefore, in 1986 the value for S was approximately 24,000 ÷ 2.7 = 8,888. Thus, 
by way of comparison to the 1980 results an approximation for Si – the number of donors 
in each state in 1990 – has been based on this estimated value for S. IT has been weighted 
for each state by the proportion of the total number of births, nationally, attributed to that 
state.  
The number of potential matings between the children of a single donor ( m ) includes 
matings in which both are DI children and matings in which one is his natural child and 
the other his DI child.  Curie-Cohen (1980) estimated that if a semen donor produced n DI 
children and f  natural children, then m  = (var(n) + ( n )2  - n ) / 4 + ( n * f ) / 2  where f  
is the average number of natural children a donor is likely to have (Hajnal, 1960) and n  
is the average number of DI children a donor will father (Curie-Cohen, 1980).  
Since most donors in the 1970s were medical students the number of natural children per 
donor was deemed to be 3.3 (Bureau of Census, 1973). So, it was estimated that the 
average number of DI offspring per donor was n  = 3.9 with a var (n) = 7.6, and that he 
had f = 3.3 natural children. Using these values, the number of potential matings 
between the children of a single donor was m  = 11.2.  
Between the early 1970s and 1990 there are two changes that need to be considered in 
regards to the calculation of m . In 1990 the results of a 1986 survey into DI practice in 
the United States revealed that the average number of pregnancies per donor had dropped 
to n = 2.7 (Shapiro et al., 1990). The fertility rate for white women at the time had also 
decreased and indicated a figure of f = 1.8 and this is used as an estimate for the number 
of natural children per donor (J. Martin et al., 2006). Therefore, in 1990, the estimate for 
m = 4.9.  
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TABLE 5. COMPARISON OF RELEVANT MODEL VARIABLE VALUES FOR THE US – 1980, 
1990 & PRESENT-DAY (2006) 
 
 
 
 
Curie-Cohen (1980) 
 
 
For 1990 
 
 
Present-day (2006) 
 
 
Variables 
1applies to DI offspring and 
2pertains to sperm donors 
 
 
Curie-Cohen’s 1980  model: Y = 2* m *l* d *C*Σ(Si*Qi/Ai) 
 
 
Probability of mating between a 
random pair of half-siblings in a 
given location1. 
 
 
P for each US state:  Pi= 2* l* d *C*Σ(Qi/Ai) 
 
  
Number of individual sperm 
donors per year in a given 
location2. 
  
Si is calculated for each 
US state (Curie-Cohen, 
Luttrel & Shapiro, 1977) 
S  = 2,751 
S = approx. 8,888 
Si for each US state is 
unavailable (Shapiro,  
Saphire & Stone, 1990)  
– S is used to estimate and 
report a range of values 
 
S = approx. 1,167 
Si for each US state is 
unavailable (Daniels & 
Golden, 2004) – S is used 
to estimate a range of 
values (for use in 
calculating Y 18-20 years 
in the future) 
 
Proportion of marriage between 
people born in same given 
location1. 
 
Qi for each US state 
(Vital Statistics, 1973) 
National average = 0.356 
 
 Qi for each US state 
(Vital Statistics, 1988) 
National average = 0.273 
 
Numbers of births per year in 
given location1. 
 
Ai for each US state 
(Vital Statistics, 1973) 
National total = 3,146,125  
 
 Ai for each US state   
(Vital Statistics, 2006) 
National total = 4,269,000 
 
Average number of DI children 
per sperm donor2. 
 
n  = 3.9 
(Curie-Cohen, Luttrel & 
Shapiro, 1977) 
 
n  = 2.7 
(Shapiro,  Saphire & 
Stone, 1990) 
 
n = approx. 26 (range) 
(DiLascia, 2006) 
(range of values relevant 
18-20 years in the  future) 
 
Average number of natural 
children per sperm donor2. 
 
f  = 3.3  
For physicians and their 
wives (US Census, 1970) 
 
f  = 1.8  
Total fertility for white 
women (Vital Statistics, 
1986) 
 
f = 2.05  
Total fertility for white 
women (Vital Statistics, 
2004) 
 
Average number of potential half 
sibling matings per donor and is a 
function of n  and f 2. 
 
m  = 11.2 
 
m  = 4.9 
 
m = estimated to be 202.2 
(range of values relevant 
18-20 years in the future) 
 
Probabilities a newborn will 
reproduce1. 
 
l = 0.84   
(US Census, 1970) 
 
 l = 0.79  
(US Census, 2004 & Life 
Tables , 2003) 
 
Assortive mating for Age1. 
 d = 0.109 (Vital Statistics, 1973) 
 
 d = 0.109 
(Vital Statistics, 1988) 
 
Assortive mating for Phenotype: 
Ear length, stature and IQ1. 
 
C = 1.44 ~2 
 (1956-78) 
 C = 1.44 ~2 
 (1956-78) 
Assortive mating for  
Geography: Function of Qi and 
Ai1. 
 
2*Qi / Ai for each  US 
state 
(Vital Statistics, 1973) 
 
 2*Qi / Ai for each  US 
state  
(Vital Statistics, 1988 & 
2006) 
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Model variables relevant to DI offspring 
The value for Qi - the proportion of marriages between people born in the same state - for 
each state, was approximated by multiplying the proportion of females by the proportion 
of males who were married in the same state in which they were born. From  the vital 
statistics of the United States for 1973 (Department of Health Education and Welfare, 
1977b), nationally, 61.9% of all brides and 57.4% of all grooms were born in the state 
they were married. Therefore, in 1973, 0.619*0.574 = 0.356 or 35.6% of all marriages 
were between people born in the same state. Values were computed for each state and the 
national average of 0.356 was used for states where data were not available. In 1988 
(National Center for Health Statistics, 1996), the most recent date that this information 
was found to be available, 58.56% of all brides and 54.49% of all grooms were born in 
the state they were married, which indicated that 0.5856*0.5446 = 0.3189 or 31.89% of 
all marriages are between people born in the same state. In the 15 years between 1973 and 
1988 the percentage of brides and grooms married in the state they were born in had 
dropped by 3.7% so in the last 35 years it would not be unreasonable to suggest that the 
figure may have dropped by about 8% to around 27.3% due to increased population 
mobility and migration.  
The number of children born in each state in 1973 (Department of Health Education and 
Welfare, 1977a), Ai, was calculated for each state individually and summed to equal 
3,146,125 nationally (Curie-Cohen, 1980). In 2006, the total number of children born 
summed to 4,269,000 nation-wide (National Center for Health Statistics, 2007) with data 
available for each state individually. 
Reproductive data on men was not adequately available in 1970, so l – the probability that 
a newborn will reproduce – was only calculated for women (Bureau of Census, 1973). 
This variable is based on the probability of a woman surviving through the child bearing 
years (up to 40yrs) and bearing at least one child (Curie-Cohen, 1980). It was used to 
predict the proportion of the donors’ children likely to mate, assuming that if they did, 
they would reproduce. In 1970, 96% of women survive to age 40, and 87% of all women 
age 40 to 44 years had at least one child (Bureau of Census, 1973). Consequently, l = 
(0.96)*(0.87) = 0.84 which meant that there was an 84% likelihood that a female child 
would reproduce or, more specifically, that a sperm donor’s child would mate. 
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Again, in 2004, only reproductive data for women were available and the probability of a 
woman surviving through the child bearing years (up to 40 years) and bearing at least one 
child was determined using life tables from 2003 (National Center for Health Statistics, 
2006) and census data from 2004 (U.S. Census Bureau, 2006b). It was estimated that, in 
2003, 97.6% of women survive to age 40, and in 2004, 80.7% of all women age 40 to 44 
years had at least one child. Consequently, l = (0.807)*(0.976) = 0.7879 which meant 
that, based on data regarding fertility and longevity in 2004, there was a 78.8% chance 
that a woman would have at least one child during her child bearing years. 
Finally, apart from the probability of a DI child reproducing (l), the probability of a 
random pair of half-siblings mating (P) depends on assortive mating for age ( d ), 
phenotype (C) and geography (2*Q/A).  
Since most donors in the 1970s donated sperm for only one to four years it was 
determined – using vital statistics from 1973 (Department of Health Education and 
Welfare, 1977b) – that if the time of birth for each DI child is uniformly distributed over a 
3-year period then assortive mating for age ( d ) is the sum of the product of the 
distribution of age differences between DI paternal half-sibling, p(r), and the distribution 
of age differences between mates, d(r). Curie-Cohen provided a table of distributions and 
calculated d = ∑ p(r)*d(r) = 0.109. Because most donors at the time were young medical 
students the point was made that this value may have been overestimated as a donor’s 
natural children may be born long after his DI children (Curie-Cohen, 1980). In the 
present-day context, due to the number of couples that ‘co-habit’ and bear children 
(National Center for Health Statistics, 2000), rather than marry before having children, 
assortive mating for age based on marriage tables, the most recent of which are those for 
1988 (National Center for Health Statistics, 1996), can only, more so than ever, be a 
rough guide. Based on data from vital statistics in 1988 (National Center for Health 
Statistics, 1996)  the value for assortive mating for age remains at  d  = 0.109. 
Assortive mating for phenotype, C, refers to the increased likelihood of individuals being 
attracted to and mating with each other because of similarities in their  physical, 
biochemical, and psychological makeup (Genetics Dictionary, 2007). Characteristics that 
are largely independent of each other were used in Curie-Cohen’s model so the effect of 
assortive mating for phenotype would not be over estimated. Three phenotype 
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characteristics - ear length (Nagylaki, 1978; Spuhler, 1968), stature (Clark, 1956; Spuhler, 
1968) and IQ (Nagylaki, 1978; Reed & Reed, 1965; Roa & Morton, 1978) - are known to 
be largely independent of one another and normally distributed and these were used to 
calculate the value of C = 2. This value was determined using the correlation between 
married persons in regard to these three characteristics and between half-siblings in 
regards these same characteristics. This value of 2 was then used in the model as an 
estimate of the effect these phenotype characteristics were likely to have on the number of 
unwitting half-sibling matings. The same value of C = 2 was used for the calculation of Y 
for the present-day. 
Assortive mating for geographic location (2*Qi/Ai) was determined by dividing the 
proportion of marriages in each state between people born in the same state (Qi), by the 
number of children born in each state (Ai), and then multiplying that figure by two. In 
1977 most physicians (72%) performing DI treated women living only within a single 
state (Curie-Cohen et al., 1979) and 83% of them used only local donors. Consequently 
both DI and natural children of a donor were usually born in the same state (Curie-Cohen, 
1980). This was also the case in 1990 but not so for DI children conceived in the present-
day. The effect of assortive mating for geographic location for those DI children born 
around 1980 and 1990 is much larger than that for those born in the present because of the 
increasingly smaller proportion of people marrying or mating with those born in the same 
state as them selves. More importantly, however, for the next generation of DI children - 
some 20 to 30 years hence - assortive mating for geography will have become irrelevant 
because of the advent of the internet and establishment of large centralized sperm banks. 
This will affect estimates for the number of half-sibling matings in the future because DI 
recipients and their practitioners are now able to purchase frozen sperm from commercial 
sperm banks and have it shipped across the country and thus, across state lines (Curie-
Cohen, 1980; DiLascia, 2006; Harmon, 2006; Kramer, 2000; Wolff, 2006). 
Summary of changes in model variable values  
In 1980 Curie-Cohen made the assumption that a sperm donor was a physician who had 
an average number of f  = 3.3 natural children (Hajnal, 1960) and an average number of 
n  = 3.9 DI children (Curie-Cohen et al., 1979). These numbers were used to determine 
m , the average number of potential half-sibling matings per donor with m = 11.2, 
according to calculations based on data from the 1970 US Census (Bureau of Census, 
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1973) and a survey conducted in 1978 (Curie-Cohen et al., 1979). In 1990, however, the 
value dropped to m = 3.9, based on a 1986 survey regarding DI practices (Shapiro et al., 
1990) and vital statistics for 1986 (J. Martin et al., 2006) which indicated that the value 
for the average number of natural offspring a donor would father had decreased to f = 
1.8. Furthermore, the average number of DI offspring per donor had also decreased to n = 
2.7 (Shapiro et al., 1990).  
In 1980, both the number of donors used per year (Si) and assortive mating for geographic 
location (2*Qi/Ai) were calculated for each state (Curie-Cohen, 1980). The 1990 estimate 
for Si in each state, however, was calculated using a weighted proportion of the total 
number of donors (S) nationally, based on state and national birth data. Present-day values 
for Qi and Ai were calculated for each state, using National Vital Statistics Reports 
(National Center for Health Statistics, 1996, 2007). 
Based on 1970 data, and only taking into account women’s fertility patterns, the value 
used for l, the probability that a newborn will reproduce, was l = 0.84 (Bureau of Census, 
1973). A value for the present-day l is approximated to 0.7876, based on 2004 census data 
(U.S. Census Bureau, 2006b) and 2003 life tables (National Center for Health Statistics, 
2006).  
Curie-Cohen also included figures in his formulae to account for the effect of assortive 
mating for age and phenotype and calculated that assortive mating for age was d = 0.109, 
based on data from 1973 (Department of Health Education and Welfare, 1977b), and this 
has not changed (National Center for Health Statistics, 1990, 1996). It must be noted 
though that in 1980 Curie-Cohen acknowledged that assortive mating for age, at the time, 
may have been overestimated but this is probably not the case today as there has been a 
change in donor profile and donors are now equally likely to be older men with families 
of their own, and so it is therefore more likely that the donor’s own naturally conceived 
children will be very different in age from his DI offspring. Thus, the value of d = 0.109 
may in fact be an underestimate. The value that Curie-Cohen used to account for the 
effect of assortive mating for phenotype was C = 2 (Curie-Cohen, 1980) and this figure 
has been used for the present-day approximations for Y. 
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Present-day approximation for Y 
Curie-Cohen’s 1980 estimate for Y, the number of half-sibling matings per year due the 
multiple use of sperm donors in the United States, was 0.052 matings per year (Curie-
Cohen, 1980). Taking into account the adjustment for temporal alignment the estimate in 
the present-day context, using donor statistics from 1980 and 1990 and present-day 
statistics for DI children, the estimate is 0.032 and 0.041 respectively. This indicates that, 
compared to one half-sibling mating every 19 or 20 years (the 1980 estimate), under the 
same model – but using updated variable values – it is estimated that for DI children 
conceived in the early 1980s there will be one half-sibling mating every 30 years, and for 
those born around 1990 there will be one half-sibling mating every 25 years. This 
represents a relatively insignificant risk. 
The working through of the updating process and examination of the model for use in the 
present-day context has revealed major flaws, not only in the implementation of the 
model in 1980 but in the model itself. These flaws lead increasingly away from certainty 
and towards the conclusion that application of the 1980 model for the next generation of 
DI children is virtually impossible. This is due, firstly, to the shift from using small 
individual sperm banks to large centralized banks and secondly, to inadequate reporting 
and recording of DI births. Hence, there is an urgent need to develop a more applicable 
model to reflect the changing reproductive trends and social conditions in the future. 
4.2.3 DISCUSSION AND CONCLUSIONS 
Tens of thousands of DI children are born each year in the United States (Daniels & 
Golden, 2004) and over the past 25 to 30 years there have been a number of changes in 
the use and practice of DI that impact on the prediction of the expected number of half-
sibling matings due to the multiple use of sperm donors for the next generation of DI 
children. One change is that, with the development of sperm cryobanking (Daniels & 
Golden, 2004), the control of DI has become consumer driven – in a commercially 
competitive market – where a woman, with assistance from her physician, can choose and 
order donor sperm, on-line or from a catalogue and have it shipped across the country 
(Daniels & Golden, 2004; Pennings, 2000). This has led to the effect of assortive mating 
for geography (2*Qi/Ai) to become largely irrelevant and to difficulties in estimating Si, 
the number of donors for each state. Also, due to the increasingly rigorous screening of 
potential donors (Daniels & Golden, 2004) at these large sperm banks and the resultant 
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likelihood of a smaller pool of available donors it has also led to a probable significant 
increase in m , the possible number of half-siblings mating per donor.  
The stage for these changes was being set during the 1980s,  as is reflected in the results 
of a 1986 survey into DI practice in the United States (Shapiro et al., 1990) which 
revealed that there had been three notable changes over the 10 years since the last survey 
was conducted in 1979 (Curie-Cohen et al., 1979). The first change was that the 
percentage of practices using frozen sperm had doubled. Secondly, there had been an 
increase in the use of third-party providers of sperm, from 15% in 1978 to 67% of 
practitioners purchasing donor sperm from sources other than their own donors in 1986 
(Shapiro et al., 1990). Thirdly, there was an increased frequency with which practitioners 
performed DI on unmarried women, with 9.5% of the practitioners doing so in 1978 and 
34% in 1986. By comparison, in the present-day context, it is estimated that between 46% 
and 79% of the women undertaking DI are single women or lesbian couples (CBS 
NEWS, 2007; Pennings, 2000). They buy sperm on-line and use their own practitioner 
(CBS NEWS, 2007; Harmon, 2006). 
Estimation of present-day value for S and m  
In relation to present-day DI practice there have been two important changes that impact 
on the calculation of m , the number of possible half-sibling matings, for a present-day 
sperm donor. Firstly, donor profiles have changed (Daniels & Golden, 2004) and with 
that, again, the number of natural children (f) the average sperm donor will father. The 
majority (86%) of sperm donors are white (Daniels & Golden, 2004; DiLascia, 2006) and 
the estimated total fertility rate - the projected average number of children a woman will 
bear in her lifetime (CIA, 2006) - for a white women in the United States in 2004 was 
2.05 (Dye, 2005; J. Martin et al., 2006) with an estimated rate for white women in 2010 to 
be 2.09 (U.S. Census Bureau, 2006a). This figure could be used to estimate f  = 2.09, the 
number of natural children a present-day sperm donor has, and is compared to 3.3 for 
physicians and their wives in 1977 (Curie-Cohen, 1980). Secondly, the number of DI 
children a sperm donor can father is now not entirely controlled by individual 
practitioners and smaller sperm banks – which originally matched donors and recipients – 
but by the larger centralized sperm banks, and their clients who now choose their own 
donors from internet sites or catalogues (Daniels & Golden, 2004; Harmon, 2006; Wolff, 
2006). In 1989 there were about 135 banks across the country whereas, as a result of 
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commercialization and the high costs associated with donor recruitment and screening for 
HIV and heredity diseases, in 2001 there was a mere 28 banks left – in just 16 states 
(Daniels & Golden, 2004). Seven of these were in California, three in New York, three in 
Minnesota with the other 15 scattered across other states.  In 2001, approximately half 
(46%) of all donor sperm came from the five biggest banks. In 2007, there are only about 
25 sperm banks across the USA with an estimated 1,160 registered donors (DiLascia, 
2007).  
Curie-Cohen assumed that only about one third of DI pregnancies were reported, and it is 
estimated that, currently, only about 40% of DI pregnancies are reported (DiLascia, 
2006). Consequently, although nobody can know the exact number of DI children born 
per year (Daniels & Golden, 2004; DiLascia, 2006) most media report numbers of about 
30,000 (Shapiro et al., 1990; U.S. Congress Office of Technology Assessment, 1988). 
However, due to approximately 60% of women not reporting their pregnancies or DI 
births another estimate (see Table 6) has put the number of DI children currently born 
each year in the United States to be closer to 50,000 offspring (DiLascia, 2006). Using the 
value of 30,000 for the number of DI births the average number of DI offspring per 
donor, n , could be estimated to be around between 20 to 30 or approximately 26 
(DiLascia, 2006). Thus, in 2004, based on approximately 1,160 (DiLascia, 2006) donors, 
fathering around 30,000 DI children in a give year, m  could be approximated to around 
202.  
TABLE 6. AVERAGE NUMBER OF DI OFFSPRING PER SPERM DONOR ( n ) UNDER TWELVE 
DIFFERENT ASSUMPTIONS 
 
Number of AID offspring in 
one year 
 
Number of individual sperm donors used per year (S) 
 
                 S = 933                           S = 1,167                     S = 1,400 
25,000 27 21 18 
30,000 32 26 21 
40,000 43 34 29 
50,000 54 43 36 
Adapted from: How Many Children? (DiLascia, 2006) 
In addition, it cannot be assumed that a present-day sperm donor in the United States is a 
physician (Pennings, 2005b; Rice-Oxley, 2005; Streisand, 2006), that he will have an 
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average of f  = 3.3 natural children (Dye, 2005; J. Martin et al., 2006) or that he will 
father an average of n  = 3.9 DI offspring. Furthermore, although donor anonymity is still 
practiced and protected anecdotal evidence suggests that it can no longer be assured that a 
donor will remain anonymous (DiLascia, 2006; Kramer, 2000; Streisand, 2006). 
What is more, the probability of reproducing (l) is decreasing as is observed by the 
differences in 1980 and 1990 estimates for l and current estimates. Thus, due to the nature 
of the changes in individual variable values – both in magnitude and direction – the 
results of the current investigation indicate that it can be expected that there will only be a 
marginal change in number of half-sibling matings due to the multiple use of sperm 
donors in the United States over the next 20 years. This however, cannot be estimated 
using the current model. 
Generational lag 
Further to this it must be borne in mind that in 1980 there was a generational lag inherent 
in Curie-Cohen’s model in regards to the calculation of value estimates. This is because 
the reproductive trends, considered in the 1980 model, for instance, will only have started 
impacting on the number of half-sibling matings from about 1998, when the first children 
born through DI in 1980s reached reproductive age. The same applies to conditions in 
1990, when the first DI children born in the 1990s reach adulthood in 2008 with the 
impact then felt to beyond 2012. Thus, there is a lack of temporal alignment because the 
values for the variables used in the model are measured on and for different cohorts 
within the DI community. In 1980, within the multiplicative model Y = 2* m *l* d *C*Σ 
(Si*Qi/Ai), m and Si pertain to the donor whereas, P = l * d * C*Σ (2*Qi/Ai) pertains to 
the DI offspring - some 20 to 30 years later - when the likelihood of them having coupled 
and reproduced comes into effect. Thus to more accurately estimate the expected number 
of half-sibling matings variable values need to be calculated and utilized with a view to 
maintaining temporal alignment. Further investigation and the use of an improved and 
undated model will produce results that more accurately reflect the expected number of 
half-sibling matings in a given year, for future settings (Sawyer & McDonald, 2008). 
Donor Anonymity 
Even though a few European countries have revoked the use of anonymous donors many 
clinics in the US are determined to oppose mandatory identity disclosure. Sperm banks 
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and clinics maintain that it would devastate the industry to have mandatory identity 
disclosure and routinely turn down offspring asking for donor identities (Harmon, 2006). 
Therefore, anonymity is still protected in the US. Anecdotal evidence suggests that this is 
the case, even when there is the potential for the transmitting of genetic diseases (Wolff, 
2006). With donors fathering dozens of children it is now possible for relatively rare 
genetic diseases to impact upon many more families than before DI was used. For 
instance, in 2006, it was reported that five children contracted a rare and potentially 
deadly genetic disease from their donor (Audi, 2006; Wolff, 2006). This also raises the 
question, again, regarding the fact that ‘donation’ implies that there is no payment (K. 
Daniels et al., 2006; Shenfield, 1999) and whether or not donors should be paid 
(Shenfield & Steele, 1995). There are concerns that compensation or financial incentive 
could entice men who would not otherwise donate. Men who could potentially falsify or 
withhold information and in so doing, exploit recipient families (K. Daniels, 2000; 
ESHRE Task Force on Ethics and Law, 2002; Shenfield & Steele, 1995).  
Currently, sperm banks are required to gain permission to test donors beyond common 
genetic disorders and HIV, and are not obliged to inform new clients of health problems 
among donor’s previous children (Audi, 2006; Wolff, 2006). Although providers claim 
that anonymity is best for all parties (Harmon, 2006) critics maintain that the donor 
insemination industry’s preference for anonymity allows it to escape accountability and to 
not impose limits on ‘best sellers’. Recipient families, therefore, are ‘at the mercy’ of an 
industry that totally controls important information regarding health risks and outcomes 
(Harmon, 2006; Nikolettos et al., 2003).  
Some banks, however, are offering more money to men willing to be identifiable and 
have established ID Consent Donor Programs (Streisand, 2006) and ‘open donor’ lists. 
Pressure from single women and lesbian couples for banks to offer identifiable donors has 
led to banks providing, but then increasing charges for, contactable donors (CBS NEWS, 
2007). Furthermore, genetic databases are making it possible for DI offspring to trace and 
buy information about their donor father, and mothers are making contact with each other 
through the matching of donor identification numbers (Kramer, 2000). Thus, although 
they are not making contact with their donor fathers, half-siblings are establishing contact 
with each other and a new form of extended biological family is evolving (CBS NEWS, 
2007) with families of half-siblings finding each other and forging family ties. So, 
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although anonymity provides the industry with a large amount of control offspring are 
circumventing the system by using web databases and email lists (Harmon, 2006) and 
thus redefining the American family (Allen-Milles, 2006). Mothers and DI children view 
family medical history as a more pressing concern than inadvertent incest, and children 
are interested in their ancestral past rather than having an on-going relationship with their 
donor father (Streisand, 2006). 
Regulation of DI practice 
There are indications that there is only limited regulation of US sperm banks in regards to 
DI. The banks independently make decisions regarding how many children a donor can 
father and how much the donor and the recipient parent can know about each other (Audi, 
2006). Furthermore, as mentioned earlier, banks are able to decide on the extent of the 
genetic testing they administer. Regulatory bodies, concerned with disease prevention and 
the health of sperm, require donor agencies to screen for several communicable diseases – 
including HIV – but then allow them to rely heavily on donors to accurately relay 
information about their family medical history and important genetic information. This 
however, is apparently not monitored. 
The need for a more tightly regulated sector and database maintenance is highlighted by 
the fact that there are only recommendations or guidelines regarding donor limits. It is 
recommended that there be no more than 25 DI births per donor for a region of 800,000 
residents (ASRM Practice Committee, 2006). Despite this one bank apparently allows up 
to 52 children per donor and it is suggested that the average is between 20 and 30 (Audi, 
2006). Adherence to guidelines for limiting offspring is voluntary and although records 
are kept for assisted reproduction technology (ART) – to track success rates – they are not 
kept in regards to artificial insemination by donor (DI). Currently, approximations for the 
average number of donor inseminated (DI) offspring per donor range from 19 to 54, with 
the average value estimated to be around 26 (DiLascia, 2006). It is believed that 60% of 
pregnancies are not reported and so it is highly likely that many donors have well over 30 
children with clinics responding to consumer demand regarding popular donors. 
Furthermore, women are not required to report DI pregnancies and births (DiLascia, 
2006). 
Thus, in the Unites States there are no legislated limits to the use of sperm donors and 
there remains support for the protection of donor anonymity. Advocates for regulation say 
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there is a growing urgency to protect children, hither to not considered by an industry 
focused on treating adult infertility (Baines, 2007; Shanley, 2002). They also maintain 
that policies advocating anonymity to protect donors and customers from issues of 
custody and liability are a shield for the ‘booming’ fertility industry. 
In conclusion, it is recommended that there be serious consideration in the US regarding: 
comprehensive reporting of pregnancies resulting from DI so women can be informed as 
to how many children a donor has and in what city (DiLascia, 2006); the keeping of 
accurate records as to how many children are being born using ART (Harmon, 2006); the 
availability of health information before sperm is made available for sale (Wolff, 2006); 
an industry ethics code that guarantees that DI children will have access to their genetic 
heritage (Harmon, 2006) and; the increasingly urgent and significant legal and ethical 
challenges (Stephen, 1999) concerning sperm donor anonymity and the setting of sperm 
donor limits. 
4.3 SUMMARY 
It was found to be impossible to use Curie-Cohen’s 1980 model in its current form and to 
adjust it for the present-day, using up-to-date variable values. In the last 25-30 years the 
shift from the use of many small sperm banks to fewer larger sperm banks and changes in 
marriage and migration patterns has invalidated Curie-Cohen’s model – rendering some 
of the variable values, such as the number of donors used at the state level, impossible to 
calculate. Furthermore, because sperm donor anonymity is still protected by clinicians 
and sperm banks there are no consistent records kept that can be used to keep track of 
donors and their offspring. 
The third paper, reproduced in Chapter 5, discusses the urgent need for consistent record 
keeping in regards to DI births and donors – to enable the development of an updated 
model that can meet the significant legal and ethical challenges regarding sperm donor 
anonymity, now emerging in the United States, and the setting of sperm donor limits. 
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CHAPTER 5: KEEPING COUNT: A ‘RELATIVE’ MATTER 
 
5.1 INTRODUCTION 
The findings from the second paper, discussed in the previous chapter, indicate that there 
is a need to ‘keep count’ of donors and their DI offspring. This is because it is important 
to have an accurate model for calculating limits on the multiple use of donor sperm – to 
avoid inadvertent half-sibling mating and to help protect the rights and welfare of the 
donor- inseminated child. The most highly developed model to date was developed over a 
quarter of a century ago but cannot be used now there is inadequate regulation of donor 
insemination of United States’ sperm banks. There is a need for an up-to-date estimate of 
the likelihood of half-sibling matings due to the multiple use of sperm donor because of 
demographic and technological changes, and although current-day values can be obtained 
for some of Curie-Cohen’s variables; others can only be estimated, others are unknown, 
and a few are no longer relevant. Using current-day values, the best calculation of the 
number of inadvertent half-sibling matings is one every five years, however, there are 
serious limitations with the accuracy of this calculation and to derive an accurate 
measure, there is a need to have access to data to inform variable values. This paper was 
structured in accordance with the guidelines outlined by Fertility and Sterility (see App 
5.4), the journal in which it was published (Sawyer, 2009c). 
5.2 PAPER 3: ‘WHO’S KEEPING COUNT? THE NEED FOR REGULATION IS A 
RELATIVE MATTER’ 
Internationally, there is much divergent opinion concerning how Assisted Reproductive 
Technologies (ART) practices should be supervised (Jones et al., 2007) and, as stated in 
the International Federation of Fertility Societies (IFFS) Surveillance 2007 (Jones et al., 
2007), countries govern their ART practices by using either legislation (hereafter referred 
to as regulation) or guidelines. One technique used in ART is Donor Insemination (DI) 
and this brings together four main stakeholders: ART providers, gamete donors, recipient 
parents and DI offspring (K. Daniels, 2007). In regards to the supervision of DI there are 
a number of issues that affect all or some of these stakeholders and these include: the 
degree of donor anonymity (Brewaeys et al., 2005; K Daniels, 2007; K Daniels & 
Meadows, 2006; Lycett et al., 2005; Sylvester & Burt, 2007); the degree of, and 
differentiation between, screening and testing of potential donors (ASRM Practice 
Committee, 2006); the number of families any one donor can provide gametes to (Curie-
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Cohen, 1980; Wang et al., 2007); the impact of payment for sperm (Craft, 2005; Craft & 
Thornhill, 2005; K. Daniels, 2000, 2005a; Shenfield, 2005; Shenfield & Steele, 1995); 
and the eligibility criteria for donor insemination (Jones et al., 2007). This paper discusses 
the very important distinction between regulation and guidelines in regards to ART 
supervision, the advantages and disadvantages of regulation, and the need for greater 
regulation in the United States (US) to safeguard the rights and welfare of the DI child. It 
maintains that the establishment of a mandatory federal donor registry, as recommended 
by Cahn (2008), would benefit the welfare of the DI child by enabling the implementation 
of an updated model to assist policy makers in setting sperm donor limits to reduce the 
risk of half-sibling mating resulting from the multiple use of sperm donors in DI 
treatment (Curie-Cohen, 1980; Sawyer & McDonald, 2008). A federally mandated donor 
registry would allow agencies to: 1) centrally record the location and number of DI 
children each donor fathers, 2) keep track of sperm donor identity and thus help prevent 
multiple donations across clinics and, 3) monitor donor medical history. 
5.2.1 REGULATION VS GUIDELINES 
One very important distinction between mandated regulation and voluntary guidelines in 
regards to the supervision of ART is that it is difficult to document to what degree 
guidelines are followed (ASRM, 2003; N. R. Cahn, 2008; Jones et al., 2007; Sylvester & 
Burt, 2007). This is the primary advantage of regulation over guidelines in this context. 
Anecdotal evidence suggests that, in the United States (US), where governing is by 
guidelines, violation of some aspects may be widespread (Jones et al., 2007). The IFFS 
Surveillance 2007 report (Jones et al., 2007) indicated that there is evidence, for instance, 
that guidelines regarding the  number of embryos to be transferred are not being heeded. 
This was evident, at the time, by the ongoing high rate of multiple births. It is well 
documented that there are serious consequences, for both mother and child, associated 
with multiple births (Andrews, 1999; Wright, Chang, Jeng, Chen, & Macaluso, 2007). If 
this guideline – which addresses a practice with such serious consequences – was being 
violated, what other guidelines – which have less immediate or obvious ramifications – 
are not being heeded? Specifically in regards to DI there has been concern raised about 
the observance of guidelines relating to donor screening for DI (Andrews, 1999; Audi, 
2006; Ginsberg, 1997; Sylvester & Burt, 2007; Wolff, 2006). Further, there is anecdotal 
evidence suggesting that guidelines, regarding donor limits (Harmon, 2006; Kramer, 
2000) and the keeping of records that would enable families to access donor information 
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for medical purposes, are not being followed (Sylvester & Burt, 2007). Further to this 
there is evidence to suggest that even mandated Food and Drug Administration (FDA) 
regulations are not necessarily followed by at least some agencies or clinics. This was 
evident when the Centers for Disease Control (CDC) contracted out the collection of data 
on ART procedures performed in 2004 (Wright et al., 2007) and it was discovered that 
11% of ART medical centres did not report their 2004 data, despite the federal mandate 
(Centers for Disease Control, American Society for Reproductive Medicine, & Society 
for Assisted Reproductive Technology, 2006). This raises the question that, if mandated 
FDA regulations are not always being adhered to, how likely is it then that voluntary 
guidelines are also not being heeded? 
Currently, in the US, there are actually very few federal regulations that require the DI 
industry to consider the best interests and rights of the children they help to create (Basu, 
2004; Cahn, 2008; K. Daniels, 2000, 2007; Sylvester & Burt, 2007). The FDA does 
oversee the laws on the safety of gamete handling and the minimum requirements for 
screening and testing of donors (ASRM Practice Committee, 2006) but although it 
mandates the reporting ART success rates (Cahn, 2008; Centers for Disease Control, 
American Society for Reproductive Medicine, & Society for Assisted Reproductive 
Technology, 2007; Wright et al., 2007) it does not require records be kept regarding DI or 
the reporting of DI success rates (Cahn, 2008; Daniels & Golden, 2004; DiLascia, 2006). 
This is one reason why there is a call for the establishment of a mandatory national 
registry of donor gametes (ASRM Ethics Committee, 2004; Cahn, 2008; Sylvester & 
Burt, 2007). A federal registry would record the identity of all donors and DI success 
rates and thus assist authorities in monitoring and tracking gamete donation across the 
country. This would detect, among other things, if a donor was providing gametes to 
numerous banks and potentially numerous families across multiple jurisdictions. 
There are disadvantages, however, in regulating ART practices. For instance, ART 
regulation that specifically relates to restrictions on eligibility criteria, such as in countries 
that do not make ART available to single women or lesbian couples, can lead to 
reproductive tourism (Jones et al., 2007; Matorras, 2005; Sauer, 2005; Spar, 2005), and 
regulation regarding the revocation of donor anonymity in DI (K. Daniels, 2007; Grace, 
Daniels, & Gillett, 2008; Sauer, 2005; Sylvester & Burt, 2007; van den Akker, 2006) can 
lead to a reduction in available donors (Cahn, 2008; Craft, 2005; K. Daniels et al., 2006; 
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Jones et al., 2007; Sylvester & Burt, 2007).  In countries where both or either of these 
regulations are in place, they are designed, in part, to safeguard the rights and welfare of 
the DI child (Shenfield, 1997; Shenfield & Steele, 1997; Sylvester & Burt, 2007; Tobin, 
2004). These regulations can, on the other hand, potentially disadvantage the clinics and 
gamete providers (K. Daniels et al., 2006) and possibly the potential parents – if they are 
not eligible for DI treatment or have to wait for a donor to become available (Cahn, 2008; 
Craft & Thornhill, 2005; Pennings, 2005b). The eligibility issue is not relevant to the US, 
however, and currently approximately 50% of DI customers are single women or lesbian 
couples. 
Considering the advantages and disadvantages of regulation, as outlined above, the author 
suggests that adequate regulation in regards to DI could perhaps be defined as regulation 
which firstly, safeguards the best interests and rights of the donor-inseminated child in 
regards to their physical, mental and emotional well being, taking into account any risk to 
the child, including that of inherited disorders and psychological damage (Hodgkin & 
Newell, 2007; Jones et al., 2007; Nicholson, 2006; Tobin, 2004) and secondly, considers 
the rights and welfare of the recipient parents and gamete donors (Stern, Cramer, Green, 
Garrot, & DeVries, 2003). There are many who are of the opinion that the rights and best 
interest of the DI child should be the most important consideration in the ART process 
and that the rights of no other stake holder should have precedent over that of the 
resultant child (Blyth, 1998; Blyth & Frith, 2008; K. Daniels, 1988; McGee et al., 2001; 
McWhinnie, 2001; Nicholson, 2006; Sylvester & Burt, 2007; Tobin, 2004). This view is 
in keeping with the United Nations Convention on the Rights of the Child (UNICEF, 
n.d.). 
The success of regulation in other countries can perhaps only be assessed by first 
considering what constitutes success. If the rights and welfare of all stakeholders have 
been considered under the regulation, as discussed above, and the welfare of the DI child 
has been the primary consideration then perhaps success could be said to have been 
achieved (Cahn, 2008). This can possibly be gauged by which of the four primary 
stakeholders – ART providers, gamete donors, recipient parents or adult offspring – are 
voicing the most dissent. If the dissension is primarily from the ART providers, as in the 
UK (Blyth & Frith, 2008) and other countries where, for instance, anonymity has been 
revoked (Johnson, 2006; Jones et al., 2007) then maybe some success has been achieved. 
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If dissension, however, is from those advocating the rights and welfare of DI children 
(ASRM Ethics Committee, 2004; K. Daniels, 1988; Ginsberg, 1997; Hodgkin & Newell, 
2007; McWhinnie, 2001; Nicholson, 2006; Sylvester & Burt, 2007; Tobin, 2004) and 
anecdotally, from DI children and their parents (Allen-Milles, 2006; CBS NEWS, 2007; 
Harmon, 2006; Kramer, 2000; Streisand, 2006) – as is currently the case in the United 
States – perhaps further investigation, as is recommended in this paper, should be 
undertaken to establish what processes can be implemented to more fully meet the best 
interests of the increasing number of DI offspring and their families. There are many 
advocates, both in the US and elsewhere, either requesting or advising for more regulation 
of DI practice as they believe that the current system is inadequate and not properly 
protecting the rights and welfare of DI offspring (Baines, 2007; Cahn, 2008; K. Daniels, 
2007; Frith, 2001; Ginsberg, 1997; Shanley, 2002; Sylvester & Burt, 2007). 
5.2.2 ANONYMITY 
As previously mentioned, the revocation of anonymity in Europe and the United 
Kingdom has resulted in a considerable decrease in the number of donors (Jones et al., 
2007) and US sperm banks insist that it would devastate the US industry to have 
mandatory ID disclosure (Daniels & Golden, 2004). Thus, sperm banks routinely turn 
down offspring asking for donor identities (Harmon, 2006), although pressure from single 
women and lesbian couples has led some banks in the US to establish ID Consent Donor 
Programs (Streisand, 2006) and ‘Open donor’ lists that offer more money to men willing 
to be identified. Donor anonymity is a controversial issue (Cahn, 2008; Daniels & 
Golden, 2004; Sylvester & Burt, 2007), and even though regulation revoking it has 
resulted in reduced availability of gamete donors in some countries (Cahn, 2008; Craft, 
2005; K. Daniels, 2005a; K. Daniels et al., 2006; Jones et al., 2007; Sylvester & Burt, 
2007), many are still of the opinion that availability of donors is not as important as the 
rights of the DI child to have access to, at the very least, information about their genetic 
heritage (Cahn, 2008; K. Daniels, 1988; McGee et al., 2001; Nicholson, 2006; Sylvester 
& Burt, 2007; Tobin, 2004). Although it is true that there is a ‘natural social problem’ of 
‘unknown paternity’, where a child does not know the identity of their biological father, 
some are of the opinion that it is unethical to create a situation which results in ‘unknown 
paternity’ by deliberately creating children who can never know their biological origins 
(Sylvester & Burt, 2007). At present, in the United States, there are no reliable records 
kept regarding the number of donor conceived children (Cahn, 2008) or the number of 
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children with who do not know the identity of their biological father (K. Anderson, 2006). 
Thus, there are no statistics available to compare the number of DI children – who do not 
know the identity oft their biological father – to other children with ‘unknown paternity’. 
5.2.3 GENETIC HERITAGE 
There is anecdotal evidence, however, to suggest that DI children are actually more 
interested in their genetic heritage than in identifying and having an on-going relationship 
with their donor father (Streisand, 2006). In recent years, the World Wide Web has made 
it possible for DI offspring to trace information about their donor father and DI half-
siblings through the matching of donor identification numbers (Kramer, 2000) and 
although they are not necessarily making contact with their donor fathers, half-siblings 
are establishing contact with each other and a new form of extended biological family is 
evolving (CBS NEWS, 2007; Harmon, 2006). Having knowledge of their genetic heritage 
or genotype – that an individual inherits from their parents (ASRM Ethics Committee, 
2004; Baines, 2007; Blamire, 2000; E Blyth, 2002; Breastcancer.org, 2007; D'Orazio, 
2006; Encyclopaedia Britannica; McGraw-Hill Encyclopedia of Science and Technology 
5th edition; McWhinnie, 2001; Sants, 1964) – is an important concern for many DI 
children (Basu, 2004; McWhinnie, 2001). Genetic heritage determines an individual’s 
hereditary potentials and limitations (Encyclopaedia Britannica) and it is well 
documented that although the environment strongly influences the physical, mental and 
emotional development of an individual (Lerner, 1978; Rutter, 1997), so do the genes 
inherited from both their mother and their father (Breastcancer.org, 2007). Illnesses are 
also strongly affected by genetic makeup as well as how emotional stress, anger, or 
depression is experienced (Breastcancer.org, 2007; Jang & Livesley, 2006) and 
significantly, medical genetics has become an integral part of preventive medicine 
(Human Genetics, 2008).  Knowledge of genetic makeup allows humans to understand 
why they are the way they are, helps provide a sense of identity and to comprehend their 
potential strengths and limitations (Basu, 2004; McWhinnie, 2001; Shenfield & Steele, 
1997; Sylvester & Burt, 2007; Tobin, 2004). The importance of knowing one’s genetic 
heritage or makeup is asserted by the Ethics Committee of the ASRM (American Society 
for Reproductive Medicine), which noted that … ‘with respect to disclosure: clinicians, 
mental health professionals, academics, and children themselves have in recent years 
called for more openness in donor conception in order to protect the interests of offspring. 
Because of persons’ fundamental interest in knowing their genetic heritage and the 
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importance of their ability to make [informed health case decisions in the future] the 
Ethics Committee supports disclosure about the fact of donation to children. It also 
supports the [gathering and storage of medical and genetic information] that can be 
provided to offspring if they ask’ (ASRM Ethics Committee, 2004). The establishment of 
a national donor register would enable the closer monitoring, reporting and matching of 
all DI births and donors across the country and enable DI children to have access to 
information regarding their genetic heritage. This could be facilitated without the need to 
disclose identifying information (Cahn, 2008; Sylvester & Burt, 2007). 
5.2.4 GENETIC DISEASE 
The use of donor sperm has made it possible for relatively rare genetic diseases to affect 
many more families than before DI was used (Cahn, 2008) and there is evidence to 
suggest that there is ongoing concern from DI clients and health industry authorities 
concerning the spread of undetected genetic disease (Cahn, 2008). While the FDA does 
require donor agencies to screen for several communicable diseases (including HIV) and 
some genetic disorders, DI practitioners must gain permission from the donor to test 
beyond the common genetic disorders and are not obliged to inform new clients of health 
problems among a donor’s previous children (Audi, 2006; Sylvester & Burt, 2007; Wolff, 
2006). Agencies are permitted to: 1) set their own limits on donor use, 2) rely on the 
donors to accurately relay information about their family medical history and important 
genetic information (ASRM Practice Committee, 2006) and, 3) provide whatever 
remuneration they deem appropriate. Although many providers claim that anonymity is 
best for all parties (Harmon, 2006), critics maintain that the industry’s preference for 
anonymity allows it to escape accountability and to avoid imposing limits on popular 
donors (Cahn, 2008; Daniels & Golden, 2004). There is also concern regarding the fact 
that ‘donation’ implies that there is no payment (Cahn, 2008; K. Daniels et al., 2006; 
Shenfield, 1999; Shenfield & Steele, 1995) and that compensation could entice men to 
potentially falsify or withhold information and thereby exploit recipient families (Cahn, 
2008; K. Daniels, 2000; ESHRE Task Force on Ethics and Law, 2002; Shenfield & 
Steele, 1995). This further underscores the need for centralized regulation and 
monitoring. At the very least, the number of DI children a given donor fathers should be 
recorded on a national database which would then enable the potential spread of genetic 
disease to be monitored. A national donor registry would also assist in the calculation of 
variable values for use in an up-to-date model that predicts the possible number of half-
 80 
sibling matings, due to DI, in a given location. This information could then assist policy 
makers in setting limits to donor use to reduce the risk, to the DI child, of half-sibling 
mating and the associated possibility of genetic abnormalities in their offspring (Curie-
Cohen, 1980; Rogers & Danks, 1978; Sawyer & McDonald, 2008; Seemanova, 1971). 
5.2.5 HALF-SIBLING MATING 
The potential number of half-sibling matings due to Donor Insemination (DI) has been 
difficult to estimate because exact numbers of offspring born as a result of DI are 
unknown (Daniels & Golden, 2004).  In 1980, however, Curie-Cohen developed a model 
to predict the number of half-sibling matings likely to occur, per year, as a result of 
multiple use of sperm donors in the United States (Curie-Cohen, 1980). The model 
required values for the number of sperm donors used in a given location, the average 
number of possible half-sibling matings per donor and the probability that a pair of half-
siblings will mate. This knowledge was then intended for use in the setting of an optimal 
or maximum number of children per sperm donor for any state, or designated region, 
within the US (Curie-Cohen, 1980). Over time, however, because the data used for the 
model were drawn from the late 1950s through to the late 1970s the demographic variable 
values have changed (Hobbs & Stoops, 2002; M. Lee & Mather, 2008; S. Lee & 
Edmonston, 2005; P. Martin & Zucher, 2008; Shrestha, 2006; Wellner, 2005), as have the 
cohort seeking and accessing DI treatment (Ferrara, Balet, & Grudzinskas, 2000; Han & 
Brannigan, 2008; Shapiro et al., 1990; U.S. Congress Office of Technology Assessment, 
1988)  and donor profiles (Blyth & Frith, 2008; K. Daniels, 2007; Shenfield, 2005). 
Therefore, the author’s recent attempt to predict the number of half-sibling mating for the 
present-day in the US has been frustrated due to difficulties in implementing Curie-
Cohen’s 1980 model. The accuracy of the model has been weakened by 1) changes in the 
DI industry and 2) changes in population demographics. 
Firstly, and most significantly, the commercialization of sperm banks has contributed to 
the inadequate monitoring and reporting of DI births (Baines, 2007; Cahn, 2008; 
Ginsberg, 1997; Shanley, 2002; Sylvester & Burt, 2007) with subsequent difficulties in 
tracking both the geographic location and number of DI children per donor (Daniels & 
Golden, 2004; Harmon, 2006). In 1989 there were about 135 banks across the US 
whereas, as a result of commercialization and the soaring costs associated with donor 
recruitment and screening, in 2001 there were only 28 banks left - in just 16 states 
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(Daniels & Golden, 2004). Seven of these were in California, three in New York, three in 
Minnesota and a further 15 scattered across other states with approximately half (46%) of 
all donor sperm coming from the five biggest banks. It is reported that there are currently 
25 sperm banks across the US which have, between them, approximately 1,630 registered 
donors (DiLascia, 2006). Therefore, a woman, with assistance from her physician, can 
now choose and order donor sperm, on-line from a large sperm bank and have it shipped 
across the country (Daniels & Golden, 2004; Pennings, 2000). This has significant 
ramifications for the calculation of variable values in Curie-Cohen’s model. 
Secondly, the establishment of large centralized sperm banks has led to the probability of 
a DI child being born in the same state as a half-sibling to become much less likely and 
the number of donors per state – a crucial variable in Curie-Cohen’s model – impossible 
to determine due to sperm being shipped across state borders. A donor’s DI children are 
now less likely to be born or married in the same state as his natural children or as each 
other. There is evidence to suggest that the degree of national migration has changed, 
with the level of migration of donors and recipient families (Hobbs & Stoops, 2002; 
National Center for Health Statistics, 1996; Shrestha, 2006; Wellner, 2005) having 
dropped since the early 1980s and is ultimately, as with the DI children themselves, 
continuing to do so (Schachter, 2004; U.S. Census Bureau, 1999, 2008a, 2008b, 2008c, 
2008d; Wellner, 2005; Wolf & Longino, 2005). Also, due to an increase in the number of 
children being born outside of formal marriage arrangements (CIA, 2006; Daniels & 
Golden, 2004; DiLascia, 2006) the use of marriage data for determining variable values is 
no longer valid and the calculation of the proportion of marriages between people born in 
the same state, no longer relevant. Accordingly, a different means for estimating assortive 
mating for geography will need to be developed and this will undoubtedly alter the 
calculated number of possible half-sibling matings due to DI. A new, updated model can 
only be developed and be of use when there is adequate reporting and recording of vital 
statistics such as the number and location of DI births (Cahn, 2008; Ginsberg, 1997; 
Sylvester & Burt, 2007) and number of DI children per donor. This would be facilitated 
by a nationally mandated donor registry.   
A centralized registry would also enable the calculation of the average number of possible 
half-sibling matings per donor – another crucial variable in Curie-Cohen’s model – as the 
average number of DI children per donor (Curie-Cohen et al., 1979) could then be 
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computed. It is reported that, almost two decades ago, in 1990, there were 20,000 DI 
births in US (Han & Brannigan, 2008) and there are reports that the number of  donor 
conceived offspring is increasing,  with numbers still estimated to be between 30,000-
60,000 (Cahn, 2008; Shapiro et al., 1990; U.S. Congress Office of Technology 
Assessment, 1988). Informal guidelines from the ASRM on donor limits currently 
recommend no more than twenty births per donor for a region of 800,000 people (ASRM 
Practice Committee, 2006),  and although one bank apparently allows up to 52 children 
per donor the national average is thought to be between 20 and 30 (Audi, 2006). As 
already mentioned, there is a federal mandate to record success rates for Assisted 
Reproduction Technology (ART) by recording all live births per ovarian stimulation 
procedure (Wright et al., 2007). There are, however, no records kept that track Donor-
Insemination (DI) success rates and adherence to guidelines for limiting offspring is 
voluntary (Cahn, 2008; Daniels & Golden, 2004; DiLascia, 2006). Also, as women are 
not required to report DI births it is quite likely that many donors could have over 30 
children. Currently, therefore, in the absence of any centralized records (Cahn, 2008; 
Elster, 2007; Ginsberg, 1997; Sylvester & Burt, 2007) the number of children born each 
year due to DI, and the identity their donors, cannot be reliably established (Cahn, 2008). 
Fundamentally linked, therefore, to regulation that will protect the rights and welfare of 
the DI child is the need to establish a federal donor registry to monitor the numbers and 
location of donors and their DI offspring. This will enable the development of an updated 
model to determine the probability of half-sibling mating and protect the DI child from 
accidentally forming incestuous relationships (Cahn, 2008; Sawyer & McDonald, 2008; 
Sylvester & Burt, 2007). 
5.2.6 DISCUSSION AND RECOMMENDATIONS 
Currently in the Unites States there are voluntary guidelines but no regulations that set 
limits to the use of donor sperm (Cahn, 2008). The DI industry appears to operate as a 
commercial, for-profit industry that is primarily focused on treating adult infertility and 
does not view the rights and welfare of the DI offspring as the most important 
consideration in the DI process (Sylvester & Burt, 2007). It is true that there are many 
clinicians who are very concerned about the welfare of all their clients (Stern et al., 2003), 
but generally, in the United States, the DI industry appears to put the rights of the donor 
to remain anonymous and the desires of infertile couples above the rights and welfare of 
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the DI offspring (Andrews, 1999; Cahn, 2008; Daniels & Golden, 2004; Ginsberg, 1997; 
Shanley, 2002; Sylvester & Burt, 2007). Certainly, changes in recommendations 
regarding management of DI continue to be made but, whether changes in 
recommendations are likely to be heeded and what agency is monitoring this, is open to 
question (Jones et al., 2007; Wright et al., 2007). 
There is a call for the mandatory reporting and recording of all donors and their DI 
offspring in a centralized register. This call comes from those who are concerned with the 
rights and welfare of DI children (Cahn, 2008; Ginsberg, 1997; Johnson & Petersen, 
2008a; Sylvester & Burt, 2007) as well as from the popular media. Anecdotal evidence 
through the media primarily comes from advocacy groups (Kramer, 2000) and individuals 
concerned with having access to information about their genetic heritage and knowledge 
about potential half-siblings (Allen-Milles, 2006; Audi, 2006; DiLascia, 2006; Harmon, 
2006; Kramer, 2000; Streisand, 2006). 
It is acknowledged that the establishment of a national donor registry would be complex 
given the Health Insurance Portability and Accountability Act (HIPAA) in the US 
(Wilson, 2006) and that a donor registry could not be enforced retrospectively. 
Consequently it would apply to future donors – possibly recruited by different means 
(Craft & Thornhill, 2005; K. Daniels, 2000, 2005a; Pennings, 2005a) and donating for 
different reason (Blyth & Frith, 2008; Blyth, Frith, & Farrand, 2005; Shenfield, 2005) – 
and future recipient parents and offspring who would be encouraged to increasingly 
regard openness about genetic origins to be the norm (L. Anderson, 2004; Blyth, 1998, 
2002; K. Daniels & Meadows, 2006; ITA; McGee et al., 2001; McWhinnie, 2001; 
Murray, MacCallum, & Golombok, 2006; Nachtigall et al., 1997; Nicholson, 2006; 
Rumball & Adair, 1999; Tobin, 2004), as is currently the case with adoption (Cahn, 
2008). 
The author recommends that a nationally mandated registry of donors and donor offspring 
be established. The purpose of this registry is fourfold: 1) that donors will be prevented 
for making multiple, untracked donations in different locations (Cahn, 2008), 2) that 
comprehensive health and genetic information can be available before sperm is offered 
for sale (Wolff, 2006), 3) that women can be informed as to how many children a donor 
has, and in what location (DiLascia, 2006); and, 4) that an industry ethics code guarantees 
that DI children will have access to knowledge about their genetic heritage (Harmon, 
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2006). Further to this, the author recommends that the increasingly urgent and significant 
legal and ethical challenges (Cahn, 2008; Stephen, 1999; Sylvester & Burt, 2007) 
regarding sperm donor anonymity, disclosure and the setting of sperm donor limits 
continue to be investigated. There is an increasing awareness that genetic information is 
important to the establishment of identity for the DI child and in preventative medicine 
(Human Genetics, 2008; Sylvester & Burt, 2007) as well as an increasing ability for 
donor conceived children to independently discover the identity of their donor through 
genetic data bases and the internet. There is also an increasing body of opinion that 
recommends that disclosure of DI origins serve the best interest of the donor-conceived 
child (ASRM Ethics Committee, 2004; Blyth, 1998, 2002; Nicholson, 2006; Tobin, 2004) 
and there is the need to provide policy makers with criteria for setting sperm donor limits 
so as to monitor the possible number of half-sibling matings that could result from the 
multiple use of sperm donors (Curie-Cohen, 1980; Egeland, 1997; McDonough, 1997; 
Sawyer & McDonald, 2008). 
5.2.7 CONCLUSION 
The establishment of a mandatory donor gamete registry would assist in the creation of an 
updated model for predicting the number of half-sibling matings that could result from the 
multiple use of donors in DI. At the present time there are difficulties in calculating the 
values for variables used in Curie-Cohen’s model. However, improved reporting and 
recording of donor identities and DI births in a national registry would generate data that: 
1) would reflect changing reproductive trends and social conditions and, 2) can be used in 
an updated model for use as a tool by policy makers to establish donor limits in any given 
location (Sawyer & McDonald, 2008). 
Regulation does not solve all problems and to require regulation only to facilitate the 
updating of Curie-Cohen’s model would not be justified. Minimizing the risk to DI 
offspring of half-sibling mating is valuable but is only one of the reasons why a national 
donor registry is important (Cahn, 2008). There is an equally important consideration – 
the right of the DI offspring to have access to information about their genetic heritage and 
the medical history of their donor (ASRM Ethics Committee, 2004; Baines, 2007; Blyth, 
1998, 2002; D'Orazio, 2006; Frith, 2007; McGee et al., 2001; McWhinnie, 2001; Sants, 
1964; Shanley, 2002; Shenfield, 2004). Mandatory reporting of  the number DI births, 
how many children an individual donor has fathered, and the identity and profile of every 
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donor with updated medical records (ASRM, 2003) would make possible the recording of 
information that could assist agencies in keeping track of children born through gamete 
donation and enable them to provide DI offspring with important genetic information 
(Cahn, 2008; Sylvester & Burt, 2007). 
5.3. SUMMARY 
Curie-Cohen’s model cannot be used in contemporary US as there is inadequate record 
keeping and regulation of donor insemination in United States’ sperm banks. This paper 
contends that if a valid and reliable model for calculating limits to sperm donation is to be 
developed – to avoid inadvertent half-sibling mating and help protect the rights and 
welfare of the DI child – then it is crucial that DI is regulated and that comprehensive 
donor records are maintained to enable: 1) regulatory authorities to develop databases and 
collect the required data, which would then enable accurate calculation of the risk of 
inadvertent half-sibling matings; and, 2) research to proceed on the development of an 
updated model. 
The fourth paper, reproduced in Chapter 6, examines if the difficulties in applying Curie-
Cohen’s model using present-day values in the US also apply in other jurisdictions, such 
as Australia. This paper discusses the regulatory disparity regarding ART and DI in the 
Australian context. 
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5.4. APPENDIX: PDF of third paper as it appears in Fertility & Sterility 
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CHAPTER 6: ‘RELATIVE’ UNCERTAINTY IN AUSTRALIA 
 
6.1 INTRODUCTION  
As it is in the United States, in Australia there is no federal legislation limiting the use of 
donor sperm. As has been discussed in the previous chapter it is important to place limits 
on the multiple use of sperm donors – to reduce the risk of inadvertent half-sibling mating 
between the offspring of anonymous donors. It is also important, however, to control for 
the consequences of contact between open-identity donors and their donor-inseminated 
offspring. In this chapter it is my contention is that a nationally mandated donor registry 
should be established in Australia – not  to be confused with the Australian Sperm Donor 
Registry (ASDR) which facilitates contact between women wishing to conceive and men 
willing to donate through a private company (Ripper, 2008). A registry that keeps track of 
donors and their DI offspring will enable: firstly, the calculation of updated variable 
values for use in the development and implementation of a predictive model to estimate 
the probability of half-siblings mating and provide policy-makers with empirical evidence 
to inform the setting of anonymous donor limits; and, secondly, the linking of open-
identity donors to their donor-inseminated offspring and an investigation into the 
psychosocial consequences of that linking so as to be able to implement suitable donor 
limits as well as management strategies and support systems for these new “extended 
families” within the donor insemination network. . The footnote references that appear in 
this chapter reflect the structure outlined by the Journal of Law and Medicine (see App. 
6.4), the journal in which my fourth paper was published (Sawyer, 2009a). 
6.2 PAPER 4: ‘REMOVING THE “RELATIVE” UNCERTAINTY WITHIN THE 
AUSTRALIAN   DONOR INSEMINATION NETWORK’ 
Australia is unique in its administration of assisted reproductive technologies (ART).1 
Unlike some countries such as Germany and Italy, which have federal regulation 
regarding ART, or other countries, such as the United States, which rely on existing 
general legislation in conjunction with professional self-regulation,2
                                                 
1 Jones H, Cohen J, Cooke I and Kempers R, "IFFS Surveillance 2007" (2007) 87 Fertility and Sterility S1.. 
 only four Australian 
2 Johnson M and Petersen K, "Public Interest or Public Meddling? Towards an Objective Framework for the Regulation of Assisted 
Reproduction Technologies" (2008) 23 Human Reproduction 716. 
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jurisdictions out of its six States and two Territories have statutes regulating ART 
procedures.3
Many countries place a limit on how many families any one sperm donor can assist. This 
has been to reduce the risk of inadvertent half-sibling mating that could occur as a result 
of the multiple use of anonymous sperm donors.
 
4 These limits, however, vary greatly,5 as 
they do within the various jurisdictions within Australia6
Currently, with the increasing acceptance and use of open-identity donors in donor 
insemination due to the revocation of donor anonymity in a number of European countries 
and some States in Australia, it is becoming important also to consider limiting the 
multiple use of open-identity donors. This is because it is important to determine how 
well donors and their donor-inseminated children will cope with the contact now possible 
within the donor insemination network.
. 
7 There is a growing awareness that aside from the 
need to control for the risk of inadvertent half-sibling mating, due to the multiple use of 
anonymous donors, limits also need to be placed on the use of open-identity donors while 
an investigation into the psychosocial impact of these new extended family relationships 
is undertaken and strategies for managing and supporting the process of connection and 
ongoing contact are developed.8
This article examines, first, the way ART, in particular donor insemination, is regulated in 
the Australian context, and the difficulties encountered when the States and Territories 
within Australia make independent decisions about guidelines and/or regulations 
regarding donor limits. Secondly, it describes not only how the use of a model to predict 
the possibility of half-sibling mating due to the multiple use of donors is impossible in 
Australia but how there is growing need to investigate and control for the psychosocial 
 
                                                 
3 Petersen K, Baker HW, Pitts M and Thorpe R, "Assisted Reproductive Technologies: Professional and Legal Restrictions in 
Australian Clinics" (2005) 12 JLM 373; Smith M, "Reviewing Regulation of Assisted Reproductive Technology in New South Wales: 
The Assisted Reproduction Technology Act 2007 (NSW)" (2008) 16 JLM 120. 
4 Curie-Cohen M, "The Frequency of Consanguineous Matings Due to Multiple Use of Donors in Artificial Insemination" (1980) 32 
American Journal Human Genetics 589. See App 1. 
5 Sawyer N and McDonald J, "A Review of Mathematical Models Used to Determine Sperm Donor Limits for Infertility Treatment" 
(2008) 90 Fertility and Sterility 265. 
6  Smith M, n 3; Petersen, Baker, Pitts and Thorpe, n 3. 
7 Scheib JE and Ruby A, "Beyond Consanguinity Risk: Developing Donor Birth Limits that Consider Psychosocial Risk Factors" 
(2009) 9 Fertility and Sterility e12.  
8 Scheib and Ruby, n 7. 
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impact of multiple families interacting within the donor insemination network. Thirdly, it 
discusses the absence of adequately maintained records concerning donor insemination in 
Australia and the subsequent difficulties in: 
• implementing a predictive model that can assist policy-makers with the setting of 
anonymous donor limits based on empirical evidence; 
• facilitating the tracing of, and matching of, open-identity donors and their donor-
inseminated offspring as well as determining donor limits to control for the 
psychosocial impact of disclosure and the revocation of anonymity; and, 
• conducting further research into donor insemination epidemiology and outcomes, 
the assessment of public interest (see App.1) issues and the development of 
general donor insemination regulatory policy and practice at the federal level. 
The author suggests that these important processes are hampered, if not entirely thwarted, 
by the inadequacy of record-keeping regarding donor insemination practice in Australia, 
at both State and federal levels, and recommends that a federally mandated donor registry 
be established.  
6.2.1 REGULATION OF ART 
Australia is in a unique position with regard to the supervision of both reproductive and 
research activities in respect of ART. As described in the International Federation of 
Fertility Societies (IFFS) Surveillance 2007,9
• those that tend to employ federally mandated legislation, as Germany and Italy;
 countries that implement some form of 
surveillance over their ART practices generally fall into one of two broad categories:  
10
• those that primarily rely on self-regulated professional guidelines, such as the 
United States where the ART industry operates within a basically unregulated free 
market.
 
or, 
11
Australia is different, however, because, although it does not have federal legislation that 
oversees the practice of ART, Victoria, South Australia, Western Australia and New 
South Wales have legislation that regulates, to varying degrees, reproductive and research 
 
                                                 
9 Jones, Cohen, Cooke and Kempers, n 1. 
10 Robertson J, "Reproductive Technology in Germany and the United States: An Essay in Comparative Law and Bioethics" (2004) 
43 Columbia Journal of Transnational Law 189. 
11 Johnson and Petersen, n 2. 
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ART procedures.12 Statutes in these four States address the social and legal aspects of 
ART and operate in conjunction with the ART profession’s self-regulatory structures, as 
outlined by the Fertility Society of Australia (FSA). These guidelines are administered by 
the Reproductive Technology Accreditation Committee (RTAC) Code of Practice and the 
National Health and Medical Research Council (NHMRC) ethical guidelines, which 
define clinical and scientific standards.13 In these jurisdictions legislation has precedence 
over both the RTAC Code of Practice and NHMRC guidelines.14
Until recently, the Australian federal government was not active in the regulation of ART 
and there was no Commonwealth legislation governing ART. Even in the United 
Kingdom, which the Victorian form of regulation most closely resembles, laws and 
guidelines relating to ART are nationally based.
 
15 Innovations in health technologies, 
however, brought about investigations which have resulted in federal legislation regarding 
gene technology, human embryo research and cloning technology.16 Generally though, 
supervision of ART in Australia still consists of an extensive regulatory framework 
comprised of statutes, professional self-regulatory standards and processes and ethics 
committees. This is viewed by many as seriously flawed because the national set of rules 
that brings together the State laws and regulations is based on guidelines, not statutes, and 
thus is not accountable to the checks and balances or formal reviews to which legislation 
is subject.17
Federally based guidelines and legislation in Australia are primarily concerned with 
general ART clinical standards and practice, and research involving embryos. There are 
no federal guidelines or legislation requiring record-keeping in regard to donor 
insemination and its outcomes.
 
18
                                                 
12  Karpin I and Bennett B, "Genetic Technologies and the Regulation of Reproductive Decision-making in Australia" (2006) 14 JLM 
127; Petersen, Baker, Pitts and Thorpe, n 3.  
 
13 Szoke H, "The Nanny State or Responsible Government?" (2002) 9 JLM 470. 
14 Smith M, "Revisiting Old Ground in Light of New Dilemmas: The Need for Queensland to Reconsider the Regulation of Assisted 
Reproductive Technologies" (2007) 7 Queensland University of Technology Law and Justice Journal 425.  
15 Petersen K and Johnson M, "SmARTest Regulation? Comparing the Regulatory Structures for ART in the UK and Australia" 
(2007) 15 Reproductive BioMedicine Online 236.. 
16 Karpin and Bennett, n 12.  
17 Szoke, n 13. 
18 Smith M, n 3. 
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Sperm Donor Limits 
Donor insemination, originally used by physicians to combat male infertility or when the 
husband was a carrier of a serious inherited disease or abnormality or when children died 
from Rh incompatibility,19 is now also being used by ART professionals to inseminate 
single and lesbian women.20 Despite high international levels of donor-assisted 
pregnancies, donor insemination has continued to be a process “shrouded in secrecy”21 
and the exact numbers of offspring born as a result are unknown.22 Many countries still, 
either through legislation or less commonly through voluntary guidelines, limit the 
number of offspring each anonymous sperm donor can father.23 This, apart from anything 
else, is to reduce the risk of half-sibling mating, which is viewed by many24 as an ongoing 
issue and one that “cannot and should not be ignored”.25 Guidelines or legislation 
concerning sperm donor limits vary considerably between countries and are not, at this 
time, informed by a universally recognised model for calculating limits.26
In Australia there are legislated donor limits in just three States: 
 
• in New South Wales the Assisted Reproductive Technology Act 2007 (NSW) 
stipulates five recipients per donor; 
• the recently passed Assisted Reproductive Treatment Act 2008 (Vic) in Victoria 
specifies 10 families per donor; and, 
• in Western Australia the Human Reproductive Act 1991 and Amendment Act 1996 
(WA) limits each donor to five families.27
These figures, however, are not founded on any evidence-based quantitative research.  
 
                                                 
19 Danks DM, “Genetic Considerations” in Wood C (ed), Artificial Insemination by Donor (Melbourne, Brown Prior Anderson, 1983) 
pp 94-102. 
20 Dempsey D, "Active Fathers, Natural Families and Children's Origins: Dominant Themes in Australian Political Debate over 
Eligibility for Assisted Reproductive Technology" (2006) 4 Australian Journal of Emerging Technologies and Society 28. 
21 Elster N, All or Nothing? The International Debate over Disclosure to Donor Offspring (Institute on Biotechnology & the Human 
Future, 18 October  2007), 
http://www.thehumanfuture.org/commentaries/assisted_reproductive_technology/art_commentary_elster01.html viewed 17 July 2008. 
22 Jones, Cohen, Cooke and Kempers, n 1. 
23 Jones, Cohen, Cooke and Kempers, n 1. 
24 Loughnane S and Kirkman M, Parents Disclosing Donor Conception to Their Children: What Does the Literature Tell Us? 
(Infertility Treatment Authority, 2006), http://www.ita.org.au/ viewed  18 July 2007. 
25 Elster, n 21. 
26 Sawyer and McDonald, n 5. 
27 Smith, n 14; Smith, n 3. 
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Due to the revocation of donor anonymity in a number of European countries and some 
States in Australia,28 there is a need to consider and investigate the psychosocial impact 
of the multiple use of open-identity donors on donor-inseminated children and their 
donors within the donor insemination family network. There is concern about the possible 
reduction in the number of identifiable donors if donors are faced with the possibility of 
being asked to consider contact with multiple offspring. There is also anecdotal evidence 
that suggests that some families resist contact because they are overwhelmed by the 
possible numbers of family connections.29 However, it is important to note that there is 
still an increasing tendency for parents to embrace disclosure and be more open with their 
donor-inseminated children about their donor origins.30
Thus, with the increasing acceptance and use of donor insemination there needs to be 
adequate control not only for the risk of inadvertent half-sibling mating but an 
investigation into the psychosocial impact of the multiple family relationships within the 
donor insemination community.
 
31 Further, there is a need for strategies to manage and 
support the linking and ongoing contact between extended donor-inseminated family 
members. Currently, the Australian Institute of Health and Welfare National Perinatal 
Statistics Unit collects donor insemination data from fertility centres in Australia and 
New Zealand but this does not include the number of live births or cycles undertaken in 
hospitals or in private clinics that are not fertility centres.32 Further to this, the RTAC 
does not stipulate the number of children that may be generated by a given donor or that a 
sperm donor report if and where they have previously donated.33
There is an urgent need for more rigorous and thorough record-keeping in regard to donor 
insemination practice at the federal level because the vast regulatory framework that 
currently supports the States and Territories in independently deciding on guidelines 
 
                                                 
28 van den Akker O, "A Review of Family Donor Constructs: Current Research and Future Directions" (2006) 12 Human 
Reproduction Update 91. 
29 Cahn N, "Accidental Incest: Drawing the Line – or the Curtain? – for Reproductive Technology" (2009) 32 Harvard Journal of 
Law and Gender 59. 
30 Scheib JE, Riordan M and Rubin S, "Choosing Open-identity Sperm Donors: The Parents' Perspective 13-18 Years Later" (2003) 
18 Human Reproduction 1115 - 1127.  
31 Scheib and Ruby, n 7. 
32 Wang Y, Dean J, Badgery-Parker T and Sullivan E, “Assisted Reproduction Technology in Australia and New Zealand 2006”, 
Assisted Reproduction Technology Series No 12 (AIHW cat no PER 43, Sydney, 2008).  
33 Petersen, Baker, Pitts and Thorpe, n 3. 
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and/or regulations cannot keep track of donors across the country and thus cannot provide 
information to donor-inseminated offspring about their open-identity donor or be used to 
make estimates of the likelihood of half-sibling mating due to the multiple use of 
anonymous sperm donors. 
Comprehensive donor insemination records, at the federal level, would also provide data 
and other information that could be used in assessing public interest issues34 relating to 
donor insemination and the development and reviewing of general donor insemination 
regulatory policy and practice.35
6.2.2 THE MULTIPLE USE OF SPERM DONORS IN DONOR INSEMINATION  
 
Risk of inadvertent half-sibling mating 
In 1980 Curie-Cohen developed a model for predicting the possible number of half-
sibling matings and maximum donor limits to prevent inadvertent inbreeding in the 
United States.36 This model was intended for use in the setting of a maximum number of 
children per sperm donor for any designated State or jurisdiction. It assumed donor 
anonymity and only considered half-sibling mating. In other words, it did not consider 
other possible unions between a donor-inseminated child and a paternal relative such as a 
donor’s donor-inseminated daughter and his brother.37 This model later formed the basis 
for the calculations of sperm donor limits in The Netherlands38 and in Taiwan39 where 
essentially the same variables and many of the same values40
                                                 
34 See App 1. 
 were used. The model, 
however, has not since been updated or applied in any other country or context (see App. 
3). 
35 Johnson and Petersen, n 2. 
36 Curie-Cohen, n 4. 
37 Bittles AH, A Background Summary of Consanguineous Marriage (Centre for Human Genetics, Edith Cowan University), 
http://www.consang.net/images/d/dd/01AHBWeb3.pdf viewed 24 July 2006. 
38 de Boer A, Oosterwijk JC and Rigters-Aris CAE, "Determination of a Maximum Number of Artificial Inseminations by Donor 
Children per Sperm Donor" (1995) 63 Fertility and Sterility 419. 
39 Wang C, Tsai M, Lee M, Huang S, Kao C, Ho H and Hsiao CK, "Maximum Number of Live Births per Donor in Artificial 
Insemination" (2007) 22 Human Reproduction 1363. 
40 de Boer, Oosterwijk and Rigters-Aris, n 38; Wang et al, n 39. 
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The simplest form that Curie-Cohen’s model can take41 m is that of Y = S* *P where Y is 
the predicted number of half-sibling matings in a given year. The value for Y is obtained 
by multiplying together S, the number of effective sperm donors used in that year; m , the 
expected number of potential matings between children of a single donor; and P, the 
probability that a random pair of half-siblings will mate. In this simple form of the model 
S and m  pertain to the donor and are potentially easy to calculate but P, which is relevant 
to the donor-inseminated child, depends on l, the likelihood of a child reproducing 
combined with assortive mating for age ( d ), phenotype characteristics (C), and 
geographic location (2*Q/A ). It is approximated by P = l* d *C*(2*Q/A). Rearranged 
and then written out in full, this equates to Y = 2* m *l* d *C*Σ(Si*Qi/Ai). 
To investigate the probability of half-sibling mating due to the multiple use of sperm 
donors in Australia, the author attempted to use the Curie-Cohen model to predict the 
number of half-sibling matings per year using Australian data to estimate variable values. 
The data used for generating the variable values were gleaned from government 
publications,42 and sources previously referred to by Curie-Cohen43
                                                 
41 Sawyer and McDonald, n 5. 
 that relate to assortive 
42 Australian Bureau of Statistics, Age-Specific Fertility Rates and Total Fertility Rates (Cat No 3301.0 – Births, Australia),  
http://www.ausstats.abs.gov.au/ausstats/subscriber.nsf/0/0C4C341C51104DC4CA2573800015C2DC/$File/33010_2006.pdf viewed 17 
October 2008; Australian Bureau of Statistics, Births Registered, Sex of Child (Cat No 3301.0 – Births, Australia), 
http://www.ausstats.abs.gov.au/ausstats/subscriber.nsf/0/0C4C341C51104DC4CA2573800015C2DC/$File/33010_2006.pdf viewed 17 
October 2008; Australian Bureau of Statistics, 2006 Census of Population and Housing Age by Sex (Cat No 2068.0 – 2006 Census 
Tables), 
http://www.censusdata.abs.gov.au/ABSNavigation/prenav/ViewData?breadcrumb=POTLD&method=Place%20of%20Usual%20Resid
ence&subaction=-
1&issue=2006&producttype=Census%20Tables&documentproductno=0&textversion=false&documenttype=Details&collection=Cens
us&javascript=true&topic=Age%20%26%20Population%20Distribution&action=404&productlabel=Age%20by%20Sex&order=1&p
eriod=2006&tabname=Details&areacode=0&navmapdisplayed=true& viewed 17 October 2008; Australian Bureau of Statistics, How 
Many Children Do Australian Women Have? (Cat No 4102.0 – Australian Social Trends, 2008), 
http://www.abs.gov.au/ausstats/abs@.nsf/Lookup/4102.0Chapter3202008 viewed 17 October 2008; Australian Bureau of Statistics, 
Life Tables, Australia, 2003-2005 (Cat No 3302.0.55.001), 
http://www.abs.gov.au/AUSSTATS/abs@.nsf/DetailsPage/3302.0.55.0012003%20to%202005?OpenDocument viewed 17 October 
2008; Australian Bureau of Statistics, Marriages – 2006 (Cat No 3306.0.55.001 – Marriages 2006), 
http://www.abs.gov.au/AUSSTATS/abs@.nsf/DetailsPage/3306.0.55.0012006?OpenDocument viewed on 17 October 2008. 
43 Eckland BK, "Theories of Mate Selection" (1982) 29 Soc Biol 7; Finegold W, Artificial Insemination (Charles C Thomas, 
Springfield, lll, 1964); Rodman H, “Mate Selection: Incest Taboos, Homogamy, and Mixed Marriages”, in Rodman H (ed), Marriage, 
Family, and Society (Random House, New York, 1965) pp 48-65; Schull WJ and Neel JV, "The Effects of Parental Consanguinity and 
Inbreeding in Hirado, Japan. V. Summary and Interpretation" (1972) 24 American Journal of Human Genetics 425. 
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mating for phenotype and for age in Western society.44 Despite the author’s best efforts, it 
was impossible to use the Curie-Cohen model for Australia as there are inadequate 
records kept regarding relevant donor insemination-related data from which to compute 
variables. Although the Australian Institute of Health and Welfare National Perinatal 
Statistics Unit, in conjunction with the FSA, does produce an annual report on the use of 
ART and does collect data regarding ART cycles and births, it has limited information 
about donor insemination.45
n
 Most significantly, no data were available regarding S, the 
number of sperm donors used per year, either at the State or federal level, which 
consequently made the calculation of , the average number of donor-inseminated 
offspring for each donor impossible to estimate and thus m = (var(n) + ( n )2  - n ) / 4 + 
( n * f ) / 2 , the number of potential matings between the children of a single donor, also 
impossible to estimate. It was possible to estimate f , the average number of natural 
children a donor is likely to have, through Australian Bureau of Statistics (ABS) records46 
as well as Ai, number of births per State,47 l, the probability of reproducing48 and, at the 
federal level only, the value for Q, marriages between people who are both born in 
Australia,49
d
 although this value is unreliable due to changes in marriage and reproductive 
trends. The values for both , assortive mating for age, and C, assortive mating for 
phenotype (see App. 2), were based on Curie-Cohen’s estimates.50
In 1980 Curie-Cohen estimated that an average of only one half-sibling mating every 19 
years would be due to multiple use of donors in the United States but it must be noted, at 
this juncture, that he stated it was “probably underestimated”.
 
51
                                                 
44  National Center for Health Statistics, Vital Statistics of the United States, 1988. Volume lll, Marriage and Divorce (United States 
Department of Health and Human Services), 
 This was due to a number 
of reasons, including the fact that he did not factor into his formula that donor-
inseminated recipients, and thus their children, were likely to be of similar socio-
economic background and possibly be similar in other non-genetic characteristics, such as 
http://www.cdc.gov/nchs/data/vsus/mgdv88_3.pdf viewed 17 October 2008. 
45  Wang, Dean, Badgery-Parker and Sullivan, n 32.  
46 Australian Bureau of Statistics, n 41 (Age-Specific Fertility Rates and Total Fertility Rates).  
47 Australian Bureau of Statistics, n 41 (Births Registered, Sex of Child ). 
48 Australian Bureau of Statistics, n 41 (How Many Children Do Australian Women Have?); Australian Bureau of Statistics, n 41 
(Life Tables, Australia, 2003-2005).  
49 Australian Bureau of Statistics, n 41 (Marriages – 2006).  
50 Curie-Cohen, n 4. See App 2 for a more detailed description of Curie-Cohen’s estimations for d and C. 
51 Curie-Cohen, n 4. 
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religion. Significantly, he stated that assortive mating for geography was greater than he 
allowed for and that after migration, random mating was assumed.52 With regard to 
assortive mating for race, he stated in 1979 that, “In fact several half-sibling matings have 
nearly occurred and our data further suggests that inbreeding may be more frequent than 
expected”.53
The revocation of anonymity in Australia 
 
In the Australian State of Victoria, the effect of the Infertility (Medical Procedures) Act 
1984 (Vic) (enacted in 1988) was realised on 1 July 2006 when the first donor-
inseminated offspring turned 18 years old and both donors and offspring were able to 
request contact with each other. Since then there has been a pro-active campaign in 
Victoria to encourage parents to disclose donors’ origins to their donor-inseminated 
children and to provide support in managing the psychosocial impact of donor contact.54 
Additionally, the Infertility Treatment Act 1995 (Vic) legislates that only open-identity 
donors could be used for donor-inseminated conception after 1 January 1998. In Western 
Australia amendments to the Human Reproductive Technology Act 1991 (WA) permit 
mature donor offspring access to identifying information about their donors and remove 
donor anonymity for gametes used after December 2004.55 The Assisted Reproductive 
Technology Act 2007 (NSW) has similarly secured the right of donor-conceived children 
to discover their genetic origins and has legislated for a central ART donor register in 
New South Wales.56 It is therefore becoming important to consider limiting the multiple 
use of open-identity donors in Australia because it is as yet unknown how well donors and 
their donor-inseminated children will manage contact with multiple half-siblings and 
donor-inseminated children.57
 
 
 
                                                 
52 Curie-Cohen, n 4. 
53 Curie-Cohen M, Luttrel L and Shapiro S, "Current Practice of Artificial Insemination by Donor in the United States" (1979) 300 
NEJM 585. 
54  Infertility Treatment Authority Newsletter, Voluntary Donor Registers (Victorian State Government, August  2008), 
http://www.ita.org.au/www/257/1001127/displayarticle/newsletters--1001385.html viewed October 2008. 
55 Godman KM, Sanders K, Rosenberg M and Burton P, "Potential Sperm Donors', Recipients' and Their Partners' Opinions Towards 
the Release of Identifying Information in Western Australia" (2006) 21 Human Reproduction 3022. 
56 Smith, M, n 3. 
57 Scheib and Ruby, n 7.  
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6.2.3 DISCUSSION 
Currently in Australia the only federal legislation regarding ART is that responding to 
concerns about the use of embryos in research and human cloning.58 There are, however, 
accreditation guidelines and ethics committees that operate under the direction of the 
FSA. The national Code of Conduct is administered through the RTAC Code of Practice, 
and ethical guidelines for the use of ART, in clinical practice and research, are issued by 
the NHMRC and the Australian Health Ethics Committee (AHEC). There is, however, no 
national legislation to oversee many other aspects of ART, including the keeping of 
records regarding donor insemination. For accreditation and funding purposes the RTAC 
requires clinics to record ART success rates but, with regard to donor insemination, it 
does not require, for instance, that potential donors report if and where they have 
previously donated or stipulate the number of children that may be generated by a 
donor.59
A review of published papers
 This poses a problem if there is a need to keep track of open-identity donors, to 
enable the provision of information to donor-inseminated offspring or make estimates of 
the likelihood of half-sibling mating due to the multiple use of anonymous sperm donors. 
60 has previously described the various forms of Curie-
Cohen’s model for predicting the likely number of half-sibling matings resulting from the 
multiple use of sperm donors in donor insemination.61 However, an attempt to use this 
model in the Australian context, by using Australian variable values, has proved to be 
unsuccessful. This is due, primarily, to inadequate reporting and recording of donors and 
donor-inseminated births in Australia but also to changes in marriage and reproductive 
trends and major flaws not only in the implementation of the 1980 model but in the model 
itself.62
Hence, apart from the need to have a federal mandate regarding donor insemination 
record-keeping, there is a need to develop a more applicable model to reflect changing 
reproductive trends and social conditions in Australia.
 
63
                                                 
58 Karpin and Bennett, n 12. 
 
59 Petersen, Baker, Pitts and Thorpe, n 3. 
60 Sawyer and McDonald, n 5. 
61 Curie-Cohen, n 4. 
62 These are described further in App 3. 
63 Sawyer and McDonald, n 5.. 
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There is also evidence to suggest that the concern about half-sibling mating resulting from 
the multiple use of donors has been joined by a perhaps more urgent concern: the 
management and support of multiple families within the donor insemination network.64
There are constitutional impediments, however, to the national regulation of ART. This is 
because, in general, matters that relate to health come under the Australian State 
jurisdiction unless they are referred to the Commonwealth.
 A 
nationally-based donor registry would provide information to enable not only the linking 
of donor-inseminated family members but assist in investigating and establishing interim 
donor limits to control for the yet unknown psychosocial impact of donor insemination 
resulting from the revocation of anonymity. 
65 Nevertheless, at the 2003 
meeting of the Council of Australian Governments (COAG), there was an indication that 
both the federal and State governments desire to work towards uniform legislation across 
Australia and to standardise the regulation of ART.66
Access to information that identifies gamete donors is at present a State issue and there is 
a need for urgent national attention through Commonwealth supervision and/or some type 
of State cooperation.
 
67 If the implementation of sperm donor limits could be viewed as a 
public health issue and placed in the context of children’s rights and wellbeing,68 as well 
as under the mandate of the World Health Organisation (WHO), policies on best practice 
that address public interest could be invoked69
 
 and viewed as a Commonwealth, not just a 
State, responsibility. 
                                                 
64  Infertility Treatment Authority, The Telling Campaign (Victorian State Government, 2006), http://www.ita.org.au viewed 17 
October 2008; Scheib and Ruby, n 7 at e12; Sawyer N, "Reply of the Authors: Beyond Consanguinity Risk: Developing Donor Birth 
Limits that Consider Psychosocial Risk Factors" (2009) 91 Fertility and Sterility e13. 
65 Petersen K, "The Regulation of Assisted Reproductive Technology: A Comparative Study of Permissive and Prescriptive Laws and 
Policies" (2002) 9 JLM 483. 
66 Bell K, "An Overview of Assisted Reproduction in Australia and Directions for Social Research" (2006) 4 Australian Journal of 
Emerging Technologies and Society 15. 
67 Szoke, n 13. 
68 Australian Federal Government, National Research Priorities (Department of Education, Employment and Workplace Relations, 
2003), http://www.dest.gov.au/sectors/research_sector/policies_issues_reviews/key_issues/national_research_priorities/default.htm 
viewed 20 October 2008. 
69 Nicholson A, “Children's Rights in the Context of Infertility Treatment”, in ITAOD Symposium (ed), What About Me? The Best 
Interests of the Child (Museum of Victoria, Melbourne, 2006). 
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6.2.4 CONCLUSIONS AND RECOMMENDATIONS: 
There are multiple advantages to the creation of a centrally-based national record of 
donors and their offspring to provide the information and data necessary for: 
• the calculation and implementation of a predictive model that can assist policy-
makers with the setting of anonymous donor limits based on empirical evidence; 
• facilitating the tracing of, and matching, of open-identity donors and their donor-
inseminated offspring; 
• investigating and then controlling for the psychosocial impact of disclosure and 
the revocation of anonymity and the implementation of suitable management and 
support systems for these new “extended families”; 
• the sharing of appropriate health and genetic information with donor families and 
enabling ART programs to share donor information; and 
• further research into donor insemination epidemiology and outcomes and the 
assessment of public interest issues relating to donor insemination. 
6.2.5 APPENDICES 
APPENDIX 1 
Use of the term “anonymous” sperm donors and “public interest” 
For the purposes of this article, “anonymous” sperm donors are regarded as anonymous 
either by virtue of historical convention or by default, in jurisdictions where the use of 
anonymous donors has been revoked but parents have not disclosed donor origins to their 
donor-inseminated offspring. The term “public interest”, as used in this article, refers to 
“considerations affecting the good order and functioning of the community and 
government affairs, for the well-being of citizens”.70
APPENDIX 2 
 
Estimation of d and C 
In the 1970s when Curie-Cohen conducted his study, most donors only donated sperm for 
a period of one to four years. Thus, using vital statistics from 1973,71
                                                 
70 New South Wales Ombudsman, Fact Sheet 16 – Public Interest (New South Wales State Government, 25 June 2005), 
 Curie-Cohen 
calculated that, if the time of birth for each donor-inseminated child was uniformly 
http://www.ombo.nsw.gov.au/show.asp?id=371 viewed 20 April 2009 
71 Department of Health, Education and Welfare, Vital Statistics of the United States, 1977. Volume lll, Marriage and Divorce (United 
States Department of Health and Human Services), http://www.cdc.gov/nchs/data/vsus/mgdv77_3.pdf viewed 17 October 2008. 
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distributed over a three-year period, then d , assortive mating for age, would be the sum 
of the product of the distribution of age differences between donor-inseminated paternal 
half-sibling, p(r), and the distribution of age differences between mates, d(r). He provided 
a table of these distributions and calculated d = ∑ p(r)*d(r). Because most donors at the 
time were young medical students, Curie-Cohen made the point that this value may have 
been overestimated as a donor’s natural children may be born long after his donor-
inseminated children.72
Estimation for assortive mating for phenotype, C, refers to the increased likelihood of 
individuals being attracted to and mating with each other because of similarities in their 
physical, biochemical and psychological makeup.
 
73 Three phenotype characteristics – ear 
length,74 stature75 and IQ76 – are known to be largely independent of one another and 
normally distributed. These were used to calculate the value of C. The value for C was 
determined using the correlation between married persons and half-siblings in regard to 
these three independent phenotype characteristics.77
APPENDIX 3 
 
Flaws in the implementation of the 1980 model  
There is a “generational lag” and a lack of “temporal alignment” inherent in Curie-
Cohen’s 1980 model regarding the calculation of variable value estimates. This was 
because some of the data relating to reproduction, that Curie-Cohen used to estimate 
values in the model in 1980, will not then have applied 18 to 30 years later – to half-
sibling matings from about 1998 – when the first children born through artificial 
insemination by donor (AID) in the 1980s reached reproductive age.  
                                                 
72 Curie-Cohen, n 4. 
73 University of Edinburgh, Dictionary of Genetics (2001), http://helios.bto.ed.ac.uk/bto/glossary viewed 7 April 2007.  
74 Nagylaki T, "The Correlation Between Relatives with Assortive Mating" (1978) 42 Ann Hum Genet 131; Spuhler JN, "Assortive 
Mating with Respect to Physical Characteristics" (1968) 15 Eugen Quart 128. 
75 Clark PJ, "The Heritability of Certain Anthropometric Characteristics as Ascertained from Measurements of Twins" (1956) 8 Am J 
Hum Genet 49; Spuhler, n 74. 
76 Nagylaki,  n 74 at 131-137; Reed EW and Reed SC, Mental Retardation: A Family Study (WB Saunders, Philadelphia, 1965); Roa 
DC and Morton NE, “IQ as a Paradigm in Genetic Epidemiology” in Morton NE and Chung CS (eds), Genetic Epidemiology 
(Academic Press, New York, 1978) pp 145-181. 
77 Curie-Cohen, n 4. 
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Thus, there is a “generational lag” and a lack of “temporal alignment” in that the values 
for the variables used in the model are measured on, and for, two different cohorts within 
the AID community – the donor and then the resultant donor-inseminated child. The 
simplest form of multiplicative model is Y = S* m *P. In 1979, S was the number of 
effective sperm donors used in that year and m was the expected number of potential 
matings between children of a single donor based on the fertility rates of medical 
practitioners at the time and information from practitioners performing donor 
insemination. Both these variables pertain to the donor in 1979. On the other hand, P, the 
probability that a random pair of donor-inseminated half-siblings will mate pertains to the 
donor-inseminated offspring, some 20 to 30 years later. This is when the values for d  
and C – assortive mating for age and of phenotype – and the present-day value for l, the 
likelihood of them reproducing, comes into effect. Thus, to more accurately estimate the 
possible number of half-sibling matings, the “generational lag” needs to be accounted for 
and the variable values calculated and utilised with a view to maintaining “temporal 
alignment”.  
Flaws in the model itself 
Furthermore, in the present-day, due to the number of couples that “co-habit” and bear 
children,78 d rather than marry before having children, , assortive mating for age based on 
marriage tables, cannot be used to make a reliable estimate for this variable. Part of an 
updated and more appropriate model would be to develop alternative ways of estimating a 
value for this variable. An investigation into, and the development and use of, an 
improved and updated model will produce results that more accurately reflect the possible 
number of half-sibling matings in a given year, for present-day settings.79
 
 
6.3 SUMMARY 
It was found that the same issues found in the US, due to inconsistencies in legislation 
and no central record keeping, apply to the Australian context. This paper recommends 
that a nationally mandated donor registry be established to enable, first, the calculation of 
updated variable values for use in the development and implementation of a predictive 
                                                 
78 National Center for Health Statistics, Nonmarital Childbearing in the United States, 1940-99 (National Vital Statistics Reports, 18 
October 2000, Vol 48, No 16), http://www.cdc.gov/nchs/data/nvsr/nvsr48/nvs48_16.pdf viewed 20 October 2008. 
79 Sawyer and McDonald, n 5. 
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model to estimate the probability of half-siblings mating and provide policy-makers with 
empirical evidence to inform the setting of anonymous donor limits; and secondly, the 
linking of open-identity donors to their donor-inseminated offspring and an investigation 
into the psychosocial consequences of that linking so as to be able to implement suitable 
donor limits as well as management strategies and support systems for these new 
‘extended families’ within the donor insemination network. 
The fifth paper, reproduced in Chapter 7, describes an assessment model for evaluating 
the proposed donor registry and discusses the public interest issues that will require 
consideration.  
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6.4 APPENDIX: PDF of fourth paper as it appears in the Journal and Law and 
Medicine 
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CHAPTER 7: KEEPING TRACK: IS IT IN THE PUBLIC INTEREST? 
 
7.1 INTRODUCTION 
In the previous chapter it was proposed that a nationally mandated donor registry be 
established in Australia – to provide data for estimating the possible number of 
inadvertent half-sibling matings resulting from the multiple use of anonymous donors in 
donor insemination and to assist open-identity donors and their donor-inseminated 
children to establish contact. A five-step regulatory assessment model, as described by 
Johnson and Petersen in 2008 (Johnson & Petersen, 2008b), was applied prospectively to 
the proposed donor registry to identify public interest issues. The resultant issues concern 
the public ethical interest in child welfare; the public health interest in avoiding genetic 
abnormalities/disease; public socio-political and legal interests in avoiding inadvertent 
consanguineous relationships; public ethical and health interests in avoiding identity 
issues in the donor-inseminated child; and public socio-ethical interests in providing 
nationally mandated, comprehensive records of donor insemination outcomes. These 
results provide a basis for further discussion in regard to donor insemination legislation at 
the federal level. This paper was structured in accordance with the guidelines outlined by 
the Journal of Law and Medicine (see App 7.4.1), the journal in which it was published 
(Sawyer, 2010a). 
7.2 PAPER 5:  ‘PROSPECTIVE APPLICATION OF A FIVE-STEP REGULATORY 
ASSESSMENT MODEL TO A PROPOSED FEDERAL SPERM DONOR REGISTRY IN 
AUSTRALIA: IS IT IN THE PUBLIC INTEREST?’ 
Many countries, either through legislation or guidelines, limit the number of offspring 
each anonymous sperm donor can father so as to reduce the risk of inadvertent half-
sibling mating. There is also a need to consider limiting the multiple use of open-identity 
sperm donors80
                                                 
Correspondence to: Neroli Sawyer, School of Behavioural and Social Sciences and Humanities, University of Ballarat, Mount Helen, 
Vic 3352, Australia; email: n.sawyer@ballarat.edu.au. 
 because, in the last few years, donor anonymity has been revoked in a 
number of European countries as well as some States in Australia and it is becoming 
increasingly important to investigate and control for the psychosocial impact of multiple 
family connections within the donor insemination family network. This is a new form of 
80 An “anonymous” donor can refer to either donors who are granted anonymity or are anonymous by default because their donor-
inseminated children are unaware of their donor origins. An “open-identity” donor, on the other hand, is one about whom identifying 
information may be released when their donor child reaches maturity.  
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familial relationship and it is not known how donors and their offspring will manage 
contact with potentially high numbers of “extended family members” within the donor 
insemination community.81
There is now, therefore, not only the necessity to control for the risk of inadvertent half-
sibling mating but an obligation to control for potential risks associated with multiple 
interfamily contact within the donor insemination community and to put in place 
management strategies to assist in the process of connecting and supporting family 
members while investigating the epidemiological impact of these extended donor 
insemination family relationships.
 
82 To assist in the establishment of sperm donor limits, 
it has been suggested that a nationally mandated donor registry be established in Australia 
to monitor and track donor insemination outcomes.83 Further to this, it is important to 
define and address the broader public interest issues implicated in the establishment of a 
national registry and to determine what form – guidelines or legislation – the regulation of 
donor insemination should take.84
The purpose of this article is first, to discuss the fact that, on the world stage, Australia is 
unique in how it supervises donor insemination. Like the United Kingdom and some other 
European countries, the Australian State of Victoria implements strict laws regarding the 
use of donated gametes. There is, however, no federal legislation in Australia regarding 
the supervision of donor insemination or the documentation and tracking of donor 
insemination outcomes. Specifically, there is no federal legislation regarding limits on the 
use of donor sperm
 
85
                                                 
81 Janssens MW, “Colouring the Different Phases in Gamete and Embryo Donation” (2009) 24 Human Reproduction 502; Scheib JE 
and Ruby A, “Contact Among Families Who Share the Same Sperm Donor” (2008) 90 Fertility and Sterility 33.  
 and this has created confusion and uncertainty for some within the 
82 Sawyer N, “Reply of the Authors: Beyond Consanguinity Risk: Developing Donor Birth Limits that Consider Psychosocial Risk 
Factors” (2009) 91 Fertility and Sterility e13; Scheib JE and Ruby A, “Beyond Consanguinity Risk: Developing Donor Birth Limits 
that Consider Psychosocial Risk Factors” (2009) 91 Fertility and Sterility e12. 
83 Sawyer N, “Removing the 'Relative' Uncertainty  Within the Australian Donor Insemination Network” (2009) 17 JLM 270. 
84 Johnson and Petersen, in using the expression “public interest”, acknowledge that the definition of “public interest” is hard to 
determine and its meaning is “vague and contested”: Johnson M and Petersen K, “Public Interest or Public Meddling? Towards an 
Objective Framework for the Regulation of Assisted Reproduction Technologies” (2008) 23 Human Reproduction 716. Hence, for the 
purposes of this article, the term “pubic interest” is used to describe “considerations affecting the good order and functioning of the 
community and government affairs, for the well-being of citizens”: see New South Wales Ombudsman, Fact Sheet 16 – Public Interest 
(New South Wales State Government), http://www.ombo.nsw.gov.au/show.asp?id=371 viewed 20 April 2009. 
85 Petersen K, Baker HW, Pitts M and Thorpe R, “Assisted Reproductive Technologies: Professional and Legal Restrictions in 
Australian Clinics” (2005) 12 JLM 373. 
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Australian donor insemination community.86 The author has suggested87 that a nationally 
mandated donor registry would assist in addressing the difficulties in monitoring and 
tracking donor insemination outcomes that are caused by each State independently 
imposing their own guidelines and/or regulations regarding donor insemination. 
Secondly, the article describes how limits on both anonymous and open-identity donor 
sperm will reduce the risk of inadvertent half-sibling mating and the possible negative 
psychosocial impact of multiple families interacting within the donor insemination 
network. The article then outlines the public interest issues implicated in a federal registry 
of donors and prospectively applies a five-step regulatory assessment model – as 
described by Johnson and Petersen in 2008 – to the proposed federally mandated donor 
registry.88
7.2.1 REGULATION OF ASSISTED REPRODUCTIVE TECHNOLOGIES IN AUSTRALIA 
 
Unlike some countries in Europe, the Australia Federal Government has not been an 
active participant in the regulation of assisted reproductive technologies (ART). Until 
recently, it administered ART solely through the Reproductive Technology Accreditation 
Committee (RTAC) Code of Practice and the ethical guidelines of the National Health 
and Medical Research Council (NHMRC),89 but then federal legislation became 
necessary, to address concerns regarding gene technology, human embryo research and 
cloning technology.90
General supervision of ART in Australia, however, is still an extensive regulatory 
construction consisting of statutes, professional self-regulatory standards and processes, 
and ethics committees
 There are now Commonwealth statutes directly relating to these 
new areas of research and technology. 
91
                                                 
86 Donor Conception Support Group (DCSG Australia), 
 and there is an ongoing lack of federal legislation regarding ART 
despite the federal and State governments indicating, at the 2003 meeting of the Council 
of Australian Governments (COAG), that they intended to work towards uniform 
http://members.optusnet.com.au/dcsg/header/press.html viewed 28 June 2009. 
87 Sawyer, n 83.  
88 Johnson and Petersen, n 84. 
89 Bell K, “An Overview of Assisted Reproduction in Australia and Directions for Social Research” (2006) 4 Australian Journal of 
Emerging Technologies and Society 15; Petersen, Baker, Pitts and Thorpe, n 6; Petersen K and Johnson M, “SmARTest Regulation? 
Comparing the Regulatory Structures for ART in the UK and Australia” (2007) 15 Reproductive BioMedicine Online 236. 
90 Karpin I and B. Bennett, “Genetic Technologies and the Regulation of Reproductive Decision-making in Australia” (2006) 14 JLM 
127.  
91 Szoke H, "The Nanny State or Responsible Government?" (2002) 9 JLM 470. 
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legislation across Australia and to standardise the regulation of ART.92 Victoria is the 
only State in Australia that follows the United Kingdom model and has criminal laws 
dictating how ART is to be supervised. South Australia, Western Australia and New 
South Wales do have ART statutes but they are administered by statutory councils and 
health officials and are not subject to criminal law as they are in Victoria.93 In these four 
States, the federally sanctioned ART profession’s self-regulatory structures still define 
clinical and scientific standards through guidelines administered by the RTAC Code of 
Practice and the NHMRC, but statutes have precedence over both the RTAC Code of 
Practice and NHMRC guidelines94
Furthermore, there is no federal mandate limiting the multiple use of sperm donors in 
Australia. There are, however, legislated limits in three of its States and because States 
can independently impose their own guidelines and/or regulations regarding donor 
insemination and donor limits, considerable variation has emerged: the Assisted 
Reproductive Technology ACT 2007 (NSW) stipulates five families per donor, the 
Assisted Reproductive Treatment Act 2008 (Vic) specifies 10 families per donor, while 
the Human Reproductive Technology Act 1991 (WA) and Human Reproductive 
Technology Amendment Act 1996 (WA) limit each donor to five families. These limits, 
however, do not appear to be evidence-based. The RTAC, although it is in charge of 
clinic accreditation, does not stipulate that a donor be required to report if and where they 
have previously donated or that providers keep track of the number of children generated 
by any given donor. Furthermore, it does not monitor the recommended limit of 10 
families per donor
. Thus, ART legislation in Australia is unique in that it 
follows the United Kingdom model at the Victorian State level – but is more akin to the 
United States model at the federal level. 
95 and there is no mandate requiring that records be kept regarding 
donor insemination or its outcomes.96
                                                 
92  Bell, n 89. 
 There is, therefore, a pressing need for the 
establishment of a nationally based donor registry so that all donor insemination 
93 Johnson M, “The Art of Regulation and the Regulation of ART: The Impact of Regulation on Research and Clinical Practice” 
(2002) 9 JLM 399. 
94 Smith M, “Revisiting Old Ground in Light of New Dilemmas: The Need for Queensland to Reconsider the Regulation of Assisted 
Reproductive Technologies” (2007) 7 QUTLJJ 425. 
95 Petersen, Baker, Pitts and Thorpe, n 85. 
96 Smith M, “Reviewing Regulation of Assisted Reproductive Technology in New South Wales: The Assisted Reproduction 
Technology Act 2007 (NSW)” (2008) 16 JLM 120. 
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outcomes across Australia can be tracked. This is so that the risk of inadvertent half-
sibling mating can be reduced and the psychosocial impact of multiple families 
interacting within the donor insemination network can be investigated and managed.97
7.2.2 LIMITING THE USE OF SPERM DONORS  
 
Risk of inadvertent half-sibling mating 
To control for the risk of inadvertent half-sibling mating, The Netherlands and Taiwan 
have both adapted a model developed by Curie-Cohen98 to establish limits on the multiple 
use of sperm donors in their countries. To investigate the probability of half-sibling 
mating due to the multiple use of sperm donors in Australia, the author has endeavoured 
to apply Curie-Cohen’s model using Australian data to estimate variable values. It was 
impossible, however, to use the Curie-Cohen model for Australia because inadequate 
records are kept regarding relevant donor insemination-related data from which to 
compute variables.99 The Australian Institute of Health and Welfare (AIHW) National 
Perinatal Statistics Unit (NPSU) collects data from fertility clinics’ regarding ART cycles 
and births but it was found to have limited information regarding donor insemination.100 
Most significantly, it does not collect data regarding the number of sperm donors used per 
year and this makes it impossible to estimate the average number of offspring per donor. 
To develop and implement a predictive model and assist policy-makers with the setting of 
donor limits based on empirical evidence,101
Risks associated with complex family relationships due to donor insemination 
 a centrally based, national record of donors 
and their offspring is essential. 
Further to the above, donor insemination providers in Victoria, the United Kingdom and 
other European countries are no longer permitted to recruit or use anonymous donors. A 
nationally based donor registry is therefore essential, not only to assist in the matching of 
                                                 
97 Sawyer N, “Who's Keeping Count? The Need for Regulation is a Relative Matter” (2009) 92 Fertility and Sterility 1811  
98 Curie-Cohen M, "The Frequency of Consanguineous Matings Due to Multiple Use of Donors in Artificial Insemination” (1980) 32 
American Journal of Human Genetics 589; de Boer A, Oosterwijk JC and Rigters-Aris CAE, “Determination of a Maximum Number 
of Artificial Inseminations by Donor Children per Sperm Donor” (1995) 63 Fertility and Sterility 419; Wang C, Tsai M, Lee M, Huang 
S, Kao C, Ho H and Hsiao CK, “Maximum Number of Live Births per Donor in Artificial Insemination” (2007) 22 Human 
Reproduction 1363. 
99 Sawyer, n 97. 
100 Wang Y, Dean J, Badgery-Parker T and Sullivan E, Assisted Reproduction Technology in Australia and New Zealand 2006, 
Assisted Reproduction Technology Series No 12 (AIHW Cat No PER 43, Sydney, 2008). 
101 Sawyer N and McDonald J, “A Review of Mathematical Models Used to Determine Sperm Donor Limits for Infertility 
Treatment” (2008) 90 Fertility and Sterility 265. 
 124 
sperm donors and their donor-inseminated offspring but ultimately to inform the placing 
of evidence-based limits on the use of open-identity sperm. Since early 2006 there has 
been an ongoing campaign in Victoria encouraging parents to disclose donor origins to 
their donor-inseminated children and providing support for them in this endeavour.102 
Both donors and donor-inseminated offspring are now able to request contact after 
provisions under the Infertility (Medical Procedures) Act 1984 (Vic) (enacted 1988) came 
into force in July 2006. Additionally, the Infertility Treatment Act 1995 (Vic) legislated 
that only open-identity donors could be used for donor insemination conception after 1 
January 1998. In Western Australia, mature donor offspring will be permitted access to 
identifying information about their donors in 2022, when amendments to the Human 
Reproductive Technology Act 1991 (WA) come into force103 and in New South Wales the 
Assisted Reproductive Technology Act 2007 (NSW) has secured the right of donor-
conceived children to be informed of their genetic origins when those born from sperm 
donation, after January 1, 2010, reach 18 years of age. It is important to place interim 
limits on the use of open-identity sperm while tracking and investigating the experiences 
of those donor-inseminated offspring and donors who have established contact. This is a 
new form of family relationship104 and it is not known how those within the donor 
insemination family network will manage contact with high numbers of extended family 
members with whom they have no shared familial history or genetic heritage.105
The implementation of a federally mandated donor registry in Australia would also enable 
further research into the wider epidemiological effects of donor insemination. The vast 
array of regulations and legislation across Australia makes it very difficult to track donor 
insemination outcomes and control for the risks involved in the multiple use of sperm 
donors. Further to this, anecdotal evidence suggests that it is also proving extremely 
confusing and disruptive to the ongoing wellbeing of donor-inseminated children as they 
 
                                                 
102 Infertility Treatment Authority Newsletter, Voluntary Donor Registers (Victorian State Government, August 2008), 
http://www.ita.org.au/www/257/1001127/displayarticle/newsletters--1001385.html viewed October 2008. 
103 Godman KM, Sanders K, Rosenberg M and Burton P, “Potential Sperm Donors', Recipients' and Their Partners' Opinions 
Towards the Release of Identifying Information in Western Australia” (2006) 21 Human Reproduction 3022. 
104 Freeman T, Jadva V, Kramer W and Golombok S, “Gamete Donation: Parents’ Experiences of Searching for Their Child's Donor 
Siblings and Donor” (2009) 24 Human Reproduction 505. 
105 Scheib and Ruby, n 82.  
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come of age106
This lack of federal legislation regarding limits to donor use and donor insemination in 
general also constitutes a threat to the public interest because, apart from the reasons 
delineated above, the set of rules and regulations which are currently in place are based 
on guidelines, not statutes, and are thus not subject to the same level of checks, balances 
and formal review as legislation. 
 as it depends on which State they were conceived in and when they were 
conceived as to whether they are eligible to request information about their donor. 
7.2.3 PUBLIC INTEREST IN LEGISLATION 
Donor insemination can be viewed in one of two ways: as either a purely medical 
procedure or as a procedure with complex interpersonal and public implications, socially, 
psychologically and ethically.107 If we accept the latter position, it is essential for the 
public to be involved in setting up a regulatory framework in Australia that balances the 
requirements of all stakeholders. Currently, clinical and scientific standards – to protect 
the interests of both ART patients and the ART profession in general – are established 
and monitored through the RTAC Code of Practice and NHMRC guidelines. Statutory 
regulation, however, would have a more extensive role – as it does overseas – by 
providing a way to protect the public interest through facilitating the process of public 
debate, the identification of what actually constitutes the public interest in this instance, 
and ultimately, what is needed for public acceptance.108
Johnson and Petersen
  
109
• public health interest; 
 identified four main classes of potential public interest in ART 
regulation: 
• public financial interest;  
• public ethico-legal interest; and,  
• public socio-political interest.  
                                                 
106 Victoria, Infertility Treatment Authority, “Parents Want to Tell Children about Donor Conception ... and Children Want to Know”, 
News Release (Victorian State Government), http://www.ita.org.au/ viewed 25 November 2008. 
107 Szoke, n 91. 
108 Szoke, n 91.  
109 Johnson and Petersen, n 84. 
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Public health and public financial interests both view the patient as a consumer whereas 
public ethico-legal and public socio-political interests view the patient as a citizen. 
Johnson and Petersen concluded that there was a need for some special regulations but 
that it is often difficult to precisely determine regulation objectives and how they are 
justified. To address this problem they proposed a five-step model for developing and 
reviewing ART regulatory policy and practice.110
STEP 1 should be a clear statement of what the legislation is trying to achieve and why. In 
this case, a nationally mandated donor registry would be used to provide data that could: 
 Table 7 outlines how this could be 
applied to the assessment of the proposed national donor registry for donor insemination 
in Australia. 
• enable the development of a predictive model to assess and control for the risk of 
half-sibling mating; 
• assist in the matching of donors and their donor-inseminated offspring; 
• provide information for an investigation into and assessment of psycho-social 
issues and support programs in donor insemination; and 
• inform the setting of donor limits. 
The public interest issues include: 
(i) Explicit public ethical interest in child welfare through the avoidance of the 
genetic abnormalities that are more likely to affect offspring resulting from 
close consanguineous mating, which, in this case would be the offspring 
resulting from the inadvertent mating of half-siblings born from the same 
sperm donor; 
(ii) Explicit public health interest in avoidance of latent genetic abnormalities in 
donor-inseminated offspring by enabling the sharing of information between 
clinics regarding up-to-date donor medical history, the tracking of the health 
outcomes of the donor’s natural and donor-inseminated offspring and limiting 
donor use; 
(iii) Implicit public health interest in avoiding the spread of genetic disease by 
enabling donor insemination programs to share donor information regarding 
sperm use, health and location of donor-inseminated and natural offspring; 
                                                 
110 Johnson and Petersen, n 84. 
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(iv) Implicit public socio-political and legal interests in avoidance of inadvertent 
consanguineous relationships between donor-inseminated half-siblings by 
tracking and limiting the use of anonymous donor sperm; 
(v) Implicit public ethical and health interest by encouragement of, and support 
for, parents in telling children about their genetic origins so the offspring can 
be aware of the possibility of half-sibling mating; 
(vi) Explicit public ethical and health interest by avoiding identity issues in the 
donor-inseminated child by enabling either identifiable or non-identifiable 
genetic information to be available to donor-inseminated children to whom 
parents have disclosed donor origins; 
(vii) Public socio-ethical interests by responding to public fears and doubts in 
regard to the regulation of relatively recent reproductive clinical procedures by 
providing national legislation mandating comprehensive records in relation to 
donor insemination outcomes; and 
(viii) Public health interests by protecting “genetic solidarity”111
STEP 2 should be a clear statement about the relative priority of each of the objectives in 
Step 1. In this case, the objectives will possibly give precedence to the wellbeing and best 
interests of potential children over and above those concerning parental autonomy and 
donor privacy – as is currently the case in Victoria (Australia) and the United 
Kingdom.
 and in regulating 
for uncontrolled selection of social traits such as specific talents and abilities, 
height, and other physical characteristics associated with the multiple use of a 
single donor. 
112
Although this may be seen to conflict with the donor’s right to privacy in Victoria, donors 
are aware that provisions under the Infertility (Medical Procedures) Act 1984 (Vic) 
(enacted in 1988) allow their donor-inseminated offspring, at age 18, to request 
identifying information about their donor and to initiate contact. Under this legislation, 
donors are not compelled to be identified or make contact but it remains to be seen if  
 
                                                 
111 “Genetic solidarity” refers to the “genetic fitness of the population as a whole” where, in the case of over-use of one individual 
donor’s sperm, there could be an increase in the occurrence of certain late-onset genetic disorders that can then affect the whole 
population if not detected: see Johnson and Petersen, n 5. 
112 Baker GHW, “Problems with the Regulation of Assisted Reproductive Technology: A Clinician's Perspective” (2002) 9 JLM 457; 
Johnson M, “Escaping the Tyranny of the Embryo? A New Approach to ART Regulation Based on UK and Australian Experiences” 
(2006) 21 Human Reproduction 2756. 
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TABLE 7. APPLICATION OF THE FIVE-STEP REGULATORY ASSESSMENT MODEL 
PROSPECTIVELY TO A PROPOSED NATIONAL DONOR REGISTRY 
  
REGULATORY STEP IMPLEMENTING A NATIONAL DONOR REGISTRY 
1. Identification of 
public interest 
objective(s) that 
underpin regulatory 
policy 
Explicit public ethical interest in child welfare by avoidance of the 
genetic abnormalities associated with consanguineous relationships.  
Implicit public health interest in avoidance of genetic abnormalities by 
facilitating the sharing of health and genetic information.  
Implicit public health interest in avoidance of genetic disease by 
enabling ART programs to share donor information.  
Implicit public socio-political and legal interests in avoidance of 
inadvertent consanguineous relationships. 
Public ethical and health interest by encouragement of, and support for, 
parents in telling children about genetic origins. 
Public ethical and health interest by avoiding identity issues in the 
donor-inseminated child. 
Public socio-ethical interests by responding to public fears and doubts 
about adequate supervision of relatively recent reproductive clinical 
procedures. 
Public health interests by protecting “genetic solidarity” in regulating for 
uncontrolled selection of specific social traits associated with the 
multiple use of a single donor.  
 
2. Relative priority and 
weight of each objective 
Interests of potential children may have priority over parental autonomy 
and donor privacy. 
May conflict with donor right to privacy. 
May conflict with right of parents to a private family life. 
 
3. Possible regulatory 
instrument for 
implementing regulation 
Statutory requirement on all donor insemination practitioners/clinics to 
record and then report all donors and donations and resulting live 
offspring to a central registry.  
  
4. Possible monitoring 
processes(s) in place to 
determine whether 
instrument achieves 
objective 
 
Inspection and audit by the RTAC. 
Feedback from clinics. 
Anecdotal evidence form donors, recipient parents and donor-
inseminated offspring. 
5. Corrective 
possibilities available in 
case regulatory 
instrument fails: 
 
5(i) Adjust regulatory 
instrument to more 
efficiently align 
objective and outcome 
 
5(ii) Apply existing 
instruments more strictly 
 
5(iii) Review whether 
objective is achievable 
and /or desirable 
5. Instrument will fail if clinics do not report donors/donations/live 
births, if donors fail to disclose previous donations or if parents do not 
report births. 
 
 
 
5(i) RTAC can adjust requirements as need arises. 
 
 
 
 
5(ii) RTAC can revoke or place conditions on a practitioner/clinic’s 
licence with statutory breaches an indictable offence. 
 
 
5(iii) Would require statutory review. 
Adapted from Johnson and Petersen, n 84 
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donor-inseminated children will pursue contact regardless, and thus invade donors’ 
privacy. All donors registered in Victoria after 1998, under the Infertility Treatment Act 
1995 (Vic), are identifiable and should be aware that their donor-inseminated offspring or 
recipient parents may request identifying information. Furthermore, it may conflict with 
the right of parents to a “private family life”, as outlined in Art 12 of the Universal 
Declaration of Human Rights, in that parents may feel pressured to disclose donor origins 
to their children, either by clinics or reproductive agencies such as the Victorian Infertility 
Treatment Authority (ITA) where, in Victoria, post-1988 donors can request contact. 
STEP 3 outlines the possible regulatory instrument or instruments for implementing 
regulation.113
In this case the regulatory instrument would take the form of a statutory requirement that 
all those who practise donor insemination – private practitioners, hospitals or clinics – 
record and report all donors, donations and resulting live offspring to a central donor 
registry. Additionally, information concerning donor medical histories would be recorded 
and available for access by donor insemination providers. 
 
STEP 4 describes a possible system of monitoring the process or processes in place to 
determine whether the instrument – in this instance, the statutory requirement for 
providers to report all donors and donor-inseminated births to a central registry – merits 
the costs it incurs and is achieving its objectives.  
In this case, inspection by the RTAC could determine if the clinics were collecting and 
recording the required information; audit by the RTAC could determine administrative 
and other costs; feedback from clinics could indicate any difficulties experienced either 
with accessing or processing information regarding donors and/or recipient parents and 
donor-inseminated offspring; and anecdotal evidence from donors, recipient parents and 
donor-inseminated offspring as to their experiences and perceptions regarding the process 
could be used to inform decisions as to the efficacy of the statutory requirements. 
STEP 5 relates to the corrective options available if costs are too high or objectives are not 
being met. In this case the instrument will fail if any of the three stakeholders – donors, 
recipient parents or donor insemination providers – withhold or fail to record reportable 
information. This would occur if donors fail to disclose important information such as the 
                                                 
113 This point is considered in more detail in Johnson M and Petersen K , “Instruments for ART regulation: what are the most 
appropriate mechanisms for achieving smart regulation of ART?” In: Jackson E, Day Sclater S, Ebtehaj F, Richards M (eds), 
Individual Freedom, Autonomy and the State. (Oxford, UK and Portland, USA: Hart Publishing, 2008).  
Adapted from Johnson and Petersen, n 5. 
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date/s and location/s of previous donations and accurate family medical history, if 
recipient parents fail to report donor-inseminated births, or the donor insemination 
providers are not diligent in their recording of donor details and donor-inseminated births.  
Corrective option 5(i) suggests adjustment of regulatory instrument or instruments so as 
to more efficiently align objectives and outcomes. In this case the RTAC can adjust the 
instrument as the need arises. For instance, if the information necessary for the matching 
of donors and their offspring is not detailed enough, perhaps more frequent updating of 
donor information, such as place of residence, will be required. 
Corrective option 5(ii) suggests applying the existing instruments more strictly and in this 
case the RTAC can revoke or place conditions on a practitioner/clinic’s license with 
statutory breaches enforced as an indictable offence. If necessary, the withholding of 
reportable medical information or donation history by the donor could be addressed in a 
similar manner.  
Corrective option 5(iii) suggests reviewing whether the objectives are, in fact, achievable 
and/or desirable and this would require statutory review. This could only be assessed after 
the full impact of the legislation has been realised and outcomes are being manifest. 
7.2.4 DISCUSSION 
The supervision of donor insemination in Australia needs to be federalised. To achieve 
this, thorough and comprehensive records need to be kept at the federal level, the State 
level and by the service providers themselves so that the location and number of both 
anonymous and open-identity donors and their donor-inseminated offspring can be 
documented and tracked across the whole country.114 To this end, it has been suggested 
that a nationally mandated donor registry be established.115
Currently in Australia, issues that relate to health come under State jurisdiction unless, for 
some reason, they are referred to the Commonwealth.
 
116 The only federal law regarding 
ART is legislation responding to concerns about the use of embryos in research and 
human cloning.117
                                                 
114 Sawyer, n 97. 
 There is no national mandate about keeping records regarding donor 
115  Sawyer, n 82.  
116  Petersen and Johnson, n 89. 
117 Karpin and Bennett, n 90. 
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insemination118 and this is a problem if there is a need to keep track of donors so as be 
able to provide information to donor-inseminated offspring or make estimates of the 
likelihood of half-sibling mating due to the multiple use of sperm donors. There are 
indications that the federal and State governments intend working towards uniform 
legislation across Australia to standardise the regulation of ART.119
7.2.5 CONCLUSIONS AND RECOMMENDATIONS 
 This would, of 
course, include donor insemination. If sperm donor limits could be seen as a pubic 
interest issue and in the context of children’s rights and wellbeing, policies could then be 
regarded as a federal responsibility.  
The public interest would be best served if a centrally based, national record of donors 
and their offspring were established in Australia, as it is in the United Kingdom and some 
other European countries. It is recommended that the results from the application of 
Johnson and Petersen’s120
7.3 SUMMARY 
 five-step regulatory assessment model to the proposed national 
donor registry be considered as a starting point for further discussion regarding the public 
interest issues involved in establishing the national donor registry and limiting the use of 
donor sperm. 
At this juncture a letter to the editor was published in Fertility and Sterility (Scheib & 
Ruby, 2009) (see App. 7.4.2) in regards to my first paper (reproduced and discussed in 
Chapter 3). This letter broached the subject of limiting the use of open-identity donors and 
suggested that limits should be primarily based on psychological factors and secondarily 
on genetic factors. In my response (Sawyer, 2009b) I maintained that although many 
jurisdictions were revoking the use of  anonymous  donors that many still allow their use 
and could benefit from the use of an updated mathematical model to generate evidence-
based limits (see App. 7.4.3). This prompted the investigations outlined in the sixth and 
seventh papers which are reproduced in Chapter 8 and Chapter 9. The sixth paper 
consider the issues that require consideration when determining limits on the use of open-
identity donors and the seventh paper demonstrates the utility of using of locally-
generated variable values to establish evidence-based limits for  anonymous donors. 
                                                 
118 Petersen, Baker, Pitts and Thorpe, n 84.  
119 Bell, n 89. 
120 Johnson and Petersen, n 84. 
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7.4 APPENDICES 
7.4.1 APPENDIX: PDF of fifth paper as it appears in the Journal of Law and Medicine 
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7.4.2 APPENDIX: PDF of ‘Letter to the Editor’ as it appears in Fertility & Sterility 
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7.4.3 APPENDIX: PDF of ‘Reply of the Authors’ as it appears in Fertility & Sterility 
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CHAPTER 8: ‘RELATIVE RISK’ AND OPEN-IDENTITY DONORS 
 
8.1 INTRODUCTION 
The majority of countries that support the use of Donor Insemination (DI) in Artificial 
Reproductive Technology (ART) limit the number of children born from one donor. The 
setting of these donor limits, though intended to control for the risk of inadvertent half-
sibling unions between the offspring of anonymous donors, actually has no evidence-base 
(Sawyer & McDonald, 2008). It could be argued that controlling for the risk of 
inadvertent half-sibling unions may, at some point in the future, become unnecessary due 
to the increasing world-wide use of open-identity sperm donors and the revocation of 
donor anonymity in many countries. With the shift from anonymous to open-identity 
donation however, the central issue is not the risk of genetic abnormality from inadvertent 
half-sibling consanguinity; it is the psycho-social impact of the multiple use of open-
identity sperm donors. Despite this, the jurisdictions that allow or mandate the use of 
open-identity donors continue to observe existing limits that do not consider or 
specifically control for the psycho-social impact of the multiple use of open-identity 
sperm donors (Blyth & Frith, 2009). This paper was structured in accordance with the 
guidelines outlined by Human Reproduction (see App. 8.4), the journal in which it was 
published (Sawyer, 2010b). 
8.2 PAPER 6: ‘SPERM DONOR LIMITS THAT CONTROL FOR THE ‘RELATIVE’ RISK 
ASSOCIATED WITH THE USE OF OPEN-IDENTITY DONORS’ 
Most of the countries that provide donor insemination (DI) in Artificial Reproduction 
Technology (ART) treatment either specifically limit the number of DI offspring born 
from one donor or limit the number of families any one donor can assist. These limits are 
primarily intended to reduce the risk of inadvertent consanguineous unions between the 
children of anonymous donors – men whose identity is protected by confidentiality or is 
not recorded with their DI offspring (Blyth & Frith, 2008). Furthermore, in the majority 
of jurisdictions, these limits are not based on any empirical evidence (Sawyer & 
McDonald, 2008). In recent years, however, there has been a steady increase in the 
number of countries and jurisdictions that are revoking the use of anonymous sperm 
donors. Eleven jurisdictions, including many European countries, New Zealand, and a 
number of Australian states have mandated against the use of anonymous donors and only 
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accept donations from open-identity donors – men who are willing to be identified (Blyth 
& Frith, 2009). 
In the jurisdictions that have revoked the use of anonymous donors DI children have the 
right to request the identity of their DI father and their parents are encouraged and 
supported in disclosing the identity of their donor. In New Zealand and New South Wales 
(Australia) they can also request information about their DI half-siblings (Blyth & Frith, 
2009). Even if they do not have the legislated right to identifying information about their 
donor, DI offspring in other jurisdictions have the ability to discover the identity of their 
half-siblings through organizations such as the Donor Sibling Registry (Appendix 1) in 
the United States (Freeman et al., 2009; Kramer, 2000). 
Because of this increase in the use of open-identity donors and organizations that facilitate 
DI half-siblings making contact it could be argued that limiting the use of sperm donors 
due to concerns about genetic abnormalities in the offspring resulting from inadvertent 
half-sibling unions will soon be unnecessary. In fact, the worry about half-siblings 
inadvertently meeting and forming consanguineous unions is already unnecessary in the 
case of single or lesbian mothers. This is because the DI child is very likely to be 
informed of their donor origins (Brewaeys et al., 1993; P. Janssens et al., 2006; Scheib, 
Riordan, & Rubin, 2005) and inquire as to a potential partner’s genetic background. This 
also applies to the DI children of many heterosexual couples as well. A key reason why 
these couples have traditionally been reticent to tell their DI children of their donor 
origins was due to lack of available information about their child’s donor and concerns 
about not being able to answer their child’s questions (Freeman et al., 2009; Godman et 
al., 2006). Couples who use DI in jurisdictions where anonymity has been revoked, 
however, now have access to information about their child’s donor. They also live in a 
social and political environment that is increasingly sympathetic and accepting of forming 
families using DI and they are encouraged and supported in disclosing donor origins to 
their DI children (K. Daniels, 2005b). As a consequence, they are increasingly more 
likely to do so (Blyth & Frith, 2009; Godman et al., 2006) and  their DI children are also 
in a position to inquire, at the very least, into the genetic back-ground of a potential mate. 
It is the contention of this author, however, that the increasing use of open-identity donors 
has introduced a new and potentially far reaching concern; a concern that requires serious 
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investigation, and far from removing the need to limit the use of donors, will demand 
closer monitoring and control of donor use. 
This new concern relates to the fact that the psycho-social impact of the revocation of 
anonymity and disclosure is, as yet, unknown. In fact, many of the issues surrounding the 
revocation of anonymity continue to be debated and are still not clearly defined (Frith, 
2007; Shenfield & Steele, 1997). For this reason, issues related to attachment security and 
identity, as described in adoption studies (Crawshaw, 2002; Feeney, Passmore, & 
Peterson, 2007), and the experiences and opinions of adult DI offspring (Mahlstedt, 
LaBounty, & Kennedy, 2009), recipient parents and donors need to be researched so that 
evidence-based limits – that take into account the psycho-social impact associated with 
the use of open-identity donors – can be established (Scheib & Ruby, 2008). 
This paper outlines how the majority of jurisdictions that provide DI have existing sperm 
donor limits to control for the risk of inadvertent half-sibling unions, and that these limits 
have not been established on any evidence-base. It describes how the revocation of 
anonymity and the increasing use of donors who are willing to be identified necessitate 
the consideration of sperm donor limits that specifically address the possible 
psychological issues connected to the use of open-identity donors. It explains why donor 
limits are crucial for open-identity donors; how they may need to be lower than the 
existing limits that are intended to control for the genetic concerns associated with using 
anonymous donors; and recommends that conservative interim limits be placed on the use 
of open-identity donors while an investigation into the establishment of evidence-based 
limits is undertaken. Furthermore, it proposes that sperm donor limits, in jurisdictions 
where anonymity is still commonly practiced and/or protected, could be raised if an 
evidence-based mathematical model were used to inform limits. Finally, it argues that 
comprehensive records regarding donors and DI outcomes are crucial, and nationally 
based donor registries essential, if evidence based limits are to be determined for both 
anonymous and open-identity sperm donors (Sawyer, 2009a). 
8.2.1 EXISTING DONOR LIMITS 
There are sperm donor limits in the majority of jurisdictions where DI is a routine 
procedure. Some sperm donor limits apply to the number of offspring born from one 
donor and other limits relate to the number of families a donor can contribute to. 
However, apart from the Netherlands and Taiwan (de Boer et al., 1995; Wang et al., 
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2007), these limits have not been based on empirical evidence. There has been no 
‘rational formula’ (Blyth & Frith, 2009) or any ‘meaningful guidelines’ that clinicians 
could follow (McDonough, 1997). Limits have been reached: 1) ‘arbitrarily’ and relate to 
the avoidance of accidental incest (Janssens, 2003); 2) using precedent set by the practice 
of other clinicians; 3) based on the argument that a sperm donor limit of 10 offspring (not 
families) ‘approximately coincides with the number a couple could expect to have in 
society without contraception’ (Egeland, 1997); or 4) using estimates made by 
mathematicians (Eccleston, 1978) and geneticists, where at one stage, it is admitted that 
an ‘arbitrary’ figure of 0.1% was put on the ‘maximum acceptable risk of additional 
abnormal offspring due to half sibling unions resulting from DI’ (Danks, 1983). 
There has been very little debate in the literature regarding what donor limits should be. 
There was some discussion in response to a ‘letter to the editor’ in which Egland (1997) 
suggested a limit of 10 offspring per donor: after questioning whether the limit of 25 
children in the Netherlands, advocated by de Boer et al. (1995) was too high. In their 
‘reply of the authors’ de Boer et al. (1997) defended their recommendations and then an 
‘editorial comment’, regarding the issues surrounding establishment of limits, completed 
the discussion (McDonough, 1997). A few years later concerns were raised when a sperm 
donor in the Netherlands developed a late-onset genetic disorder and some discussion 
about sperm donor limits, in the form of ‘commentaries’ and ‘rapid responses’, ensued 
(Dutton, 2002; Gebhardt, 2002; Sheldon, 2002). In response Janssens (2003) defended 
maintaining the limit of 25 DI children per donor for the Netherlands. 
In justifying his defence of the limit of 25 offspring per donor in the Netherlands, 
Janssens (2003) points outs that existing limits of 10, in countries such as the UK, are not 
only reached ‘arbitrarily’ but are ‘more or less based on social-psychological and cultural 
considerations’ which originate from the historical prohibition of incest in many cultures 
(Cahn, 2009). This ultimately translates into concerns about the risk of genetic 
abnormalities in the offspring of half-sibling unions (Frances & Frances, 1976). It has 
been argued that the risk in the population is very small for half-siblings forming 
consanguineous relationships and bearing children and, as previously documented by 
Curie-Cohen (1980), there is actually a greater risk of a child forming a consanguineous 
relationship with a known relative of their father, than an unknown relative. Janssens 
(2003) recommends that if limits were actually based on medical/genetic information 
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limits could be increased – as in the Netherlands (de Boer et al., 1995, 1997). The author 
suggests that this pervasive absence of evidence-based limits is partly because DI is a 
relatively simple ART procedure which has not been subject to the same level of scrutiny, 
controls and outcome surveillance as other forms of ART – which are technically, 
scientifically and medically more complex and expensive (Janssens, 2009). 
This persistent disinclination to monitor DI outcomes or standardize supervision is further 
illustrated by the fact that, as we near the end of the first decade of the twenty-first 
century, one of the defining characteristics of DI is that there is still enormous variation 
between countries in regards to its administration (Jones et al., 2007; Pennings, 2009). 
Specifically, countries have very different policies on donor anonymity and donor limits 
(Blyth & Frith, 2009; Janssens, 2009). DI offspring are reaching adulthood under the 
mandate of quite divergent regulatory and political systems: their parents may, or may not 
have disclosed their donor origins to them; and the country or state they live in may, or 
may not, protect their donors’ anonymity.  Some countries guarantee or mandate donor 
anonymity (e.g. France, Belgium and Denmark); some have no specific regulation 
regarding anonymity (e.g. the United States); some have totally revoked donor anonymity 
(e.g. The Netherlands, Sweden, Austria, Switzerland, New Zealand and the United 
Kingdom); and one has a combination of the above (Australia) (Janssens, 2009). This 
international disparity in DI supervision strongly indicates that policies in regards to DI 
are generally not driven by empirical evidence. 
Further to this, five of the eleven jurisdictions that now legislate the use of open-identity 
sperm donors continue to use pre-existing donor limits; which were not only arbitrarily-
based, but originally legislated to control for the risk of half-sibling unions – when donor 
anonymity was protected by law (Blyth & Frith, 2009).  In other words, donor limits in 
jurisdictions which have overturned previous legislation to protect donors’ anonymity and 
limit their use – Norway, the UK and the Australian states of Victoria, New South Wales 
and Western Australia – have not been ‘amended in any way’ to control for the 
psychological and social repercussions of using open-identity donors (Blyth & Frith, 
2009). This is why it is essential that research into the psycho-social impact of the 
revocation of anonymity is undertaken, to inform the establishment of evidence-based 
donor limits and support mechanisms for DI families and their donors (Crawshaw, 2002; 
Scheib & Ruby, 2008). 
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8.2.2 OPEN-IDENTITY DONORS – CONSIDERATIONS 
The right of the DI child to have access to information about their biological heritage and 
the identity of their donor is now being recognized and addressed in many countries 
(Janssens, 2009). DI children and donors are now in a position to contact each other, if 
they both consent, once the DI child’s parents deem it appropriate, or when the child 
reaches maturity. By extension it is also possible in some jurisdictions for DI offspring to 
make contact with their – potentially numerous – half-siblings (Blyth, Crawshaw, Haase, 
& Speirs, 2001; Freeman et al., 2009). Of the jurisdictions that have revoked the use of 
anonymous  donors only in Austria, Sweden and Victoria (Australia) have children 
reached an age where they have the right to request the identity of their donor (Blyth & 
Frith, 2009). Therefore it cannot yet be determined what long-term impact this will have 
on donors and their DI offspring, or how the members of this new form of ‘extended 
family’ are going to manage the potentially complex psychological and social issues that 
could arise (Scheib & Ruby, 2009). 
Psycho-social implications of donor contact 
In the past, when the use of anonymous donors was ‘accepted practice’ the DI child most 
often believed that their social father was also their biological father. Even when parents 
chose to disclose their DI child’s genetic origins there was limited information available 
about the donor. Also, assuming that the child belonged to an intact nuclear family the 
only male parent they knew was their social father and the genetic/social distinction was 
not an issue. Now, however with the use of open-identity donors there is a ‘real life’ 
tangible individual who is their biological father: separate from their social father. It has 
been suggested that this could introduce a sense of fragmentation and confusion in DI 
offspring (Grace et al., 2008) and that ‘flexible and fractured notions of paternity and 
identity’ could be introduced (Rose, 2004).  In addition, some parents have already 
expressed ‘fear of interference’ if contact with the child’s donor – their biological father – 
is initiated or granted, (Janssens et al., 2006) and these concerns have not proved 
unfounded in some, though isolated, cases where ‘legal battles have ensued’ (Janssens, 
2009). Donors themselves have expressed concerns about identity disclosure and suggest 
the need for a ‘safe legal environment’; educational material be available for all 
concerned; and an increased emphasis on cultivating an ‘accepting social climate for this 
method of family building’ (Thorn, Katzorke, & Daniels, 2008). 
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Donors who are now willing to be identified are unlike previous donors who donated for 
financial gain (Shenfield & Steele, 1995) or were altruistically motivated (Blyth et al., 
2005; K. Daniels, 2005a). They are now more likely to be interested in procreation and in 
knowing outcomes (Janssens et al., 2006; Thorn et al., 2008). What this could mean in 
terms of the ‘interference’ feared by parents and the ‘complexity’ associated with 
multiple familial relationships is yet to be realized (Janssens et al., 2006). Some 
researchers believe that donors do not necessarily appreciate the ramifications of their 
decision to become an open-identity donor and what the implications are for them, their 
future families, and their donor inseminated offspring 16 to 18 years into the future (Rose, 
2004; Thorn et al., 2008). 
With the steadily increasing number of DI children who are reaching an age where they 
have the right to identifying information about their donor, there is growing interest in the 
experience of families and children who have previously responded to, or initiated contact 
with either their donor or half-siblings through organizations such as the Donor Sibling 
Registry (DSR). Freeman et al. (2009) surveyed families who have initiated contact with 
half-siblings and donors through the DSR and found that the majority of the contact 
experiences were positive. It is pointed out though, that the positive results reported by 
this study reflect the attitudes and experiences that would be expected from those 
interested in initiating contact, and that it is important to remember that there is still much 
to be learned about the use of open-identity donation and the psycho-social impact of 
contact between donors and their – possibly numerous – DI offspring (Janssens, 2009). 
Research into the experiences of adoptees and their families has provided some insight 
into the issues that DI offspring may encounter with the removal of anonymity (Blyth et 
al., 2001; Crawshaw, 2002). 
Similarities between DI and Adoption 
Although there are a number of similarities between the families formed by adoption and 
donation, historically there has been one very important distinction between adoptive 
families and donor assisted families: the primary focus of adoption is to provide parental 
care for children, whereas donor-assisted conception has been to provide children for 
adults; adoption has stressed social connectedness, and donation has stressed genetic 
connectedness (Blyth et al., 2001). Nevertheless, adoption studies have provided some 
useful insights into the issues that DI children and their families will face when DI origins 
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are disclosed, with some of the same issues of attachment security and identity already 
identified (Blyth et al., 2001; Crawshaw, 2002; Feeney et al., 2007). Research into the 
experiences of adopted children indicates that the development of positive relationships 
and attachment security – the ability to feel comfortable both with intimacy and 
independence in an adult relationship – is primarily affected by the nature of the 
relationships they had with their adoptive parents, not by their adoptive status (Feeney et 
al., 2007). Parallel findings – regarding the impact of the child/parent relationship – are 
reflected in a study investigating the attitudes of adolescents regarding communication 
about donor-assisted conception. The consensus was that the respect shown by parents, by 
being open and honest with their children about DI origins, as well as parents’ sensitivity 
to their individual child’s needs were important determinates of how well children would 
react to being told about their DI origins and how they adjusted socially and emotionally 
to this knowledge (Kirkman et al., 2007). Additionally, studies investigating the quality of 
child-parent relationships in DI indicate that this dynamic is the best predictor of a DI 
child’s emotional and psychological well-being, regardless of whether donor origins are 
disclosed (Golombok et al., 2002; Nachtigall et al., 1997). In fact, some studies suggest a 
more positive child-parent relationships in DI families (Brewaeys, 1996; Golombok et al., 
2004). As with adopted individuals, DI offspring have also expressed that wanting to 
know more about their biological parent/s is more about a search for identity completion 
– to understand where their individual genetic tendencies came from –  than to form 
relationship with the biological parent/s (Blyth et al., 2001; Crawshaw, 2002). 
Thus, as adult DI offspring seek out and discover their genetic origins the issues faced by 
DI families are becoming increasingly similar to those of adoptive families (K. Daniels, 
Blyth, Crawshaw, & Curson, 2005) – except in one significant way: the number of 
offspring involved and the potential for multiple ‘kinship connections’ (Blyth et al., 
2001). This is an important distinction, and it is where the ability to gain insights from the 
experiences of adoption, in regards to the psycho-social issues facing DI families, 
abruptly ceases. 
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Psycho-social implications of multiple kin-ship connections 
Warnings about the possible implications of multiple kinship connections due to the 
multiple use of sperm donors were voiced even before the revocation of anonymity was 
legislated in the UK. It was pointed out that ‘few cultures have any concept of genetic 
parents having such a large number of offspring, and therefore no experience of how 
social relations can be carried on between a parent and children who are genetically 
related in this way’ (Blyth et al., 2001). Now, with the revocation of anonymity in many 
countries and the establishment of organizations such as the DSR in the US, DI offspring 
have the legislated right to initiate contact with their donor and/or discover the identity of 
their half-siblings. The likelihood of large, possibly complex genetic DI networks being 
established is now a very real possibility, and how donors, their offspring and their 
respective families will manage these new ‘extended families’ is totally unknown. 
The author is not implying that large extended families cannot function very well, or that 
smaller, nuclear families are not subject to dysfunction. But, as pointed out by Blyth et al. 
(2001), this new type of ‘extended family’ has not been experienced before. It can be 
established almost instantaneously when contact is made with a donor or half-sibling. Its 
members do not have familial ties that have evolved slowly over time, as do other 
families such as nuclear families, step-families or blended-families. Adopted children can 
experience the same instantaneous extended family formation but there is one significant 
difference: it will most likely be with only one or two other families (Blyth et al., 2001). 
In a recent study investigating the similarities and differences between jurisdictions that 
mandate the use of open-identity donors (Blyth & Frith, 2009) sperm donors expressed 
concern about the psychological and social complexities of ‘trying to come to grips with 
multiple genetically-linked siblings in a number of different families’. In addition, the 
psycho-social ramifications of the multiple use of open-identity donors are not only 
unknown, but potentially far-reaching, both geographically and temporally with ‘extended 
family’ members living in different parts of the country or world and the negative and/or 
positive consequences of contact potentially impacting on future generations. This is why 
the question has been raised as to whether, ultimately, it will be necessary to base sperm 
donor limits primarily on psychological factors and that these limits may  need to be 
lower than those based on genetic considerations (Scheib & Ruby, 2009). 
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‘All inclusive’ sperm donor limits 
Although the psycho-social implications of using open-identity donors are still not fully 
understood it has been suggested that limiting the use of open-identity donors may well 
prove to be more critical than the limiting of anonymous donors; and psychological 
factors, rather than consanguinity risk, may need to be the primary determinant in the 
setting of ‘all-inclusive’ donor limits – limits based on both psycho-social considerations 
and consanguinity risk – in jurisdictions that have revoked donor anonymity or where 
both anonymous and open-identity donors are used  (Scheib & Ruby, 2009). In fact, 
uneasiness about the potential for multiple ‘kinship connections’ and the risks of ‘large 
and potentially complex genetic networks’ was an important consideration when a 
fertility clinic in NZ decided to reduce the use of donor gametes from six families to four 
(Speirs, 1998). 
In a study comparing adoption and the use of donor gametes it was identified that it is 
actually the expectations of the participants (a psychological factor), and not necessarily 
the genetic connection, that impacts on the quality of the contact experience (MacCallum, 
2009).  In accordance with this observation there is evidence to suggest that some 
families, who are at first eager to establish contact with half-siblings through the DSR, 
become overwhelmed and withdraw as more and more contacts become available (Cahn, 
2009; Miller, 2007). As Scheib and Ruby (2008) point out, ‘For those who seek contact 
with donor-linked families [through the DRS], having the possibility of meeting several 
families may be appealing. This number becomes daunting, however, when the number of 
individuals with whom one is related climbs from 5 to 30 or more’. In fact, doubts have 
been expressed as to how a child can be expected to ‘have a meaningful connection with 
such “siblings” – strangers who only have in common a fraction of  DNA’ (Miller, 2007). 
The importance of psycho-social dynamics are further highlighted in another adoption 
study where it was concluded that parental bonding, and a caring and open family 
environment (psychological dimensions), was a stronger predictor of adult attachment 
security than was adoptive (genetic) status (Feeney et al., 2007).  Furthermore, in a study 
investigating the views of adult DI offspring, it was determined that most of those 
interviewed believed that identifying information should be provided to recipients but 
then ‘they themselves would not participate in the practice of gamete donation’ 
(Mahlstedt et al., 2009). The author believes that it is important to further investigate and, 
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if possible, determine why some families chose not to participate in the Freeman et al. 
study; why some families felt compelled to withdraw from established contact; and, in the 
Mahlstedt et al. study, understand the reasons behind the participants’ decision to not 
participate in gamete donation themselves. It is through examining these individuals’ 
experiences that evidence can be gained and criteria established to best judge where ‘all-
inclusive’ limits on the use of open-identity donors need to be placed. 
Given that it remains unclear as to how many contacts would constitute ‘too many 
contacts’ the author argues that it may be that ‘all-inclusive’ donor limits, at least initially, 
will need to be lower than those based on consanguinity risk alone. This is because once 
children are born there is no going back; ‘choices are made that cannot be reversed’ 
(Janssens, 2009); these children exist; they have a DI father; they have the potential to 
make contact and establish relationships and – they need to be able to manage that reality. 
Donor limits, such as the 10 families now current in the UK and Victoria, ‘can [already] 
produce potentially large and complex kinship networks’ (Blyth et al., 2001) and existing 
limits may need to be initially reduced while investigations take place regarding the 
establishment of open-identity donor limits based on evidence-based psycho-social 
criteria. The author acknowledges that limiting the number of families an open-identity 
donor can assist could potentially disadvantage some parents who may then experience a 
delay in accessing DI treatment. It must be kept in mind, however, that the initial donor 
shortage experienced by some jurisdictions when anonymity was revoked was later 
reversed (Blyth & Frith, 2008) as donor recruitment targeted men who were willing to be 
identified. 
It is, therefore, important to start investigating what limits to place on the use of open-
identity donors before DI clinics – as in the US, or governments – as in the United 
Kingdom and Victoria, allow these donors to be over-used; risking donors and their DI 
offspring being overwhelmed by the demands of overly large extended DI families and 
multiple contacts that could lead to ‘unwelcome interference with the personal or family 
life of parents, offspring or donors’ (Janssens, 2009). Nobody can know what will 
transpire and only time will tell to what extent DI offsprings’ interests are really being 
served by the removal of anonymity (Janssens et al., 2006). The author maintains that if 
those regulated rights are ultimately going to be in the best interests of the long-term 
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social and psychological well-being of DI children, donors and their respective families, 
then sperm donor limits need to be put in place sooner rather than later. 
Interim donor limits 
Research into the psycho-social issues related to the revocation of anonymity is essential 
and, as previously discussed, these issues need to be clearly understood if they are to help 
inform evidence-based limits for controlling the risks associated with the use of open-
identity donors. This investigation will take time, however. Time for the long-term legal, 
sociological and psychological impact of this new family dynamic to be manifest and 
make it possible to formulate evidence-based donor limits and protocols to manage these 
relationships in a manner that will optimize the quality of the relationships in these new 
‘families’. 
In the interim therefore, it is suggested that conservative donor limits be placed on the use 
of open-identity donors – while these evidence-based limits are determined. Moreover, it 
is crucial to implement these interim limits without delay because mothers are already 
giving birth to DI children who have been conceived using open-identity donors. As 
pointed out previously, the current limit of 10 families in the UK – which does not count 
multiple births – can still produce potentially large family networks (Blyth et al., 2001). 
The author is of the opinion that the quality of the future relationships between donors, 
their DI offspring and their respective families will be directly affected by the number of 
DI offspring each donor fathers and that the number of potential familial contacts needs to 
be contained – as soon as possible – to give donors and their offspring the best possible 
chance of having positive, sustainable and manageable relationships with their extended 
DI family members in the future. 
Previous research has established that a child’s psychological well-being is directly 
related to the parent-child relationship – regardless of the type of familial arrangement. 
Research into the emotional and psychological well-being of children in adoptive and 
foster care emphasizes the powerful mediating effect of the child-caregiver relationship 
(Dozier & Rutter, 2008; Feeney et al., 2007). These findings are reflected in research 
investigating the experiences of children from divorced, separated and blended families: 
custodial parent-child relationships and stepparent-child relationships are found to be 
important indicators of a child’s psychological well-being  (Amato, 1987; Magnuson & 
Berger, 2009). These familial arrangements, however, do not require the male ‘parent’ to 
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potentially manage relationship with ‘numerous genetic children, each with different 
other genetic [and social] parents’ (Blyth et al., 2001) – as will the new ‘extended DI 
families’, now possible within the DI community. Miller (2007), in discussing the 
extended family groups now being formed in the US though the Donor Sibling Registry 
(Freeman et al., 2009), reports that some donors in the US have over thirty offspring and 
questions if  ‘a sperm donor [could] be a father figure – or even just a sort of uncle – to, 
thirty-odd children’. The US does not legislate for or against donor anonymity and does 
not have laws regarding donor limits (Jones et al., 2007). Furthermore, because parents of 
donor conceived children are making contact with, ‘[in] some cases, large numbers of 
half-siblings (up to 55)’ through the DSR (Freeman et al., 2009) it is reasonable to 
suggest that some donors must have at least thirty DI offspring. Even in jurisdictions 
where the number of DI offspring per donor is enforced by law it is possible for a donor 
to have up to 25 DI offspring (Netherlands). Furthermore, in jurisdictions that have 
legislated limits on the number of families a donor can assist (e.g. 10 in the UK) it is 
possible – taking into account multiple births – for an open-identity donor to have up to 
20 DI offspring. 
To date, questions and concerns about the possible psycho-social impact of the ‘large 
extended families’, now possible with the used of open-identity donors, have been 
mentioned in the literature (Blyth et al., 2001; Blyth & Frith, 2009; Miller, 2007; Scheib 
& Ruby, 2008, 2009) but the need to establish evidence-based limits in response to these 
psycho-social concerns has not been discussed. Similarly, although limiting the number of 
children born from one donor has been discussed by researchers over the past 30 years, 
the potential for raising anonymous donor limits by using an updated evidence-based 
model has not been subject to any serious discussion or consideration in the literature. 
8.2 3 ANONYMOUS SPERM DONORS 
In 1980, Curie-Cohen published findings from the application of a model he developed to 
determine the number of half-sibling unions likely to occur as a result of the multiple use 
of sperm donors in the United States (Curie-Cohen, 1980). Since that time, the 
Netherlands and Taiwan (de Boer et al., 1995; Wang et al., 2007) are the only countries to 
adapt Curie-Cohen’s model for use in determining location-specific sperm donor limits in 
their jurisdictions. Although concerns were raised in the Netherlands at one stage, when a 
donor developed a late onset hereditary brain disease (Janssens, 2003), the Netherlands 
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continues to have the highest sperm donor limit in the world (25 children per donor) with 
many of other countries and jurisdictions having limits of 10 or less families and/or 
children per donor (Sawyer & McDonald, 2008). 
A recent review of the models used for predicting the likelihood of half-sibling mating 
(Sawyer & McDonald, 2008) has concluded that Curie-Cohen’s original model requires 
updating  –  to reflect changes in migration and marriage trends – but that an enhanced, 
internationally applicable model would prove invaluable for providing empirical evidence 
on which to base sperm donor limits in jurisdictions where the use of anonymous donors 
continues to be supported, or where the majority of parents still adhere to the code of 
secrecy surrounding disclosure. As previously mentioned, Janssens maintains that the risk 
for half-siblings forming consanguineous relationships is actually very small, and that 
limits could be high (like in the Netherlands), if they were based on medical/genetic 
information  (Janssens, 2003). Curie-Cohen (1980) states that a child is more likely to 
form a consanguineous relationship with a known relative of their father, than an 
unknown relative and that the presence of DI in a population could actually reduce the 
average inbreeding in a population – inbreeding that occurs naturally in the population 
due to 1st and 2nd cousin marriages and prevailing levels of unknown paternity (Curie-
Cohen, 1980).  It is therefore the contention of this author that anonymous sperm donor 
limits could be raised in jurisdictions that mandate or support donor anonymity if an 
evidence-based mathematical model was used to inform local sperm donor limits. To 
determine evidence-based anonymous donor limits, however, there is the need to closely 
monitor the use of donors, keep track of their offspring, and record the population 
information needed to inform the variable values required for the implementation of a 
predictive model (Sawyer, 2009c). 
8.2.4 NATIONAL DONOR REGISTRY 
Curie-Cohen’s predictive model is dynamic and location specific, requiring not only 
knowledge regarding the average number of DI offspring per donor, but the average 
number of newborns per year, and the size of the recipient pool. It is very important 
therefore that comprehensive records be kept at the federal level, in a central register 
(Sawyer, 2009c), and that clinics communicate with each other through this register so 
donations can be monitored, donors tracked, and children counted (Cahn, 2008). Some 
jurisdictions, as in the UK where a government-run sperm donor registry is maintained 
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through the HFEA, do keep centralised sperm donor registers. However, these 
jurisdictions are in the minority: records are often only kept by individual DI providers 
(Blyth & Frith, 2009). Knowledge about the number of donors and offspring in a region, 
as well as other population variables is crucial if the probability of half-siblings meeting 
in a particular locality is to be calculated, and suitable donor limits put in place. A central 
register would also help prevent the over-use of popular donors from large clinics, such as 
in the United States (Cahn, 2008; Sylvester & Burt, 2007), and assist in preventing the 
over-use of a single donor, in countries such as Australia and the US, where sperm donors 
are able to donate repeatedly, and at numerous clinics (Petersen, Baker, Pitts, & Thorpe, 
2005). Comprehensive DI records are also essential for the investigation into the issues 
that will inform evidence-based limits on the use of open-identity donors. 
8.2.5 CONCLUSIONS AND RECOMMENDATIONS 
Many countries limit the number of children born from one donor to control for the risk 
of inadvertent consanguineous unions between half-siblings. However, with the 
increasing use of open-identity donor sperm in countries and jurisdictions that have 
revoked the use of anonymous donors, as in the UK; or have a growing proportion of DI 
recipients who are either single or lesbian, as in the US (Scheib & Ruby, 2009), it can be 
argued that limiting the use of sperm donors to reduce the likelihood of half-sibling 
unions may no longer be necessary.  
Despite this, there does remain a need to have limits on the number of children born from 
one donor. This is because in the jurisdictions that allow, encourage or mandate the use of 
open-identity donors there is now a need to control for the psycho-social impact of the 
multiple use of these open-identity donors. Furthermore, some countries continue to 
mandate and/or protect donor anonymity and there remains a need to control for the risk 
of half-sibling consanguineous unions and the associated possibility of genetic 
abnormalities in their offspring.  In both instances, it is important to establish evidence-
based limits on the number of children born from one donor. 
The author believes that conservative interim ‘all-inclusive’ donor limits should be placed 
on the use of donors, in jurisdictions that have mandated the use of open-identity donors, 
while the psycho-social impact of disclosure is investigated and evidence-based sperm 
donor limits established. Additionally, in jurisdictions where the use of anonymous 
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donors remains accepted practice, the current limit of 10 or less families and/or children 
per donor could be raised if evidence-based sperm donor limits were introduced. 
Recommendations 
• In jurisdictions which support or mandate the use of open-identity donors that 
conservative provisional limits be placed on the use of open-identity donors while 
the full psycho-social impact of the revocation of anonymity is investigated and 
evidence-based limits are determined. 
• An updated predictive model, based on Curie-Cohen’s model, be developed and 
used to inform the setting of location-specific evidence-based limits on the use of 
anonymous donors in jurisdictions that continue to support the use of anonymous 
donors. 
• Adequately maintained national donor registries be established to: 1) make 
available the data necessary for use in a predictive model that will provide policy-
makers with empirical evidence to inform the setting of anonymous sperm donor 
limits; 2) assist in the investigation into what management systems, including 
evidence-based donor limits, will be needed to support the new ‘extended 
families’ now possible with the use of open-identity donors; and, 3) to monitor the 
potentially complex family dynamics that will continue to emerge over the coming 
years with the use of  open-identity donors. 
8.2.6 APPENDIX 
The DSR is a private organization in the United States which matches half-siblings 
through their sperm donor number. Although some donors have made themselves 
available for contact through this organization, the main purpose is to facilitate contact 
between half-siblings. It is not a government initiative and the US government continues 
to support the donors’ right to anonymity (Janssens, 2009; Kramer, 2000). By 
comparison, some jurisdictions like the Australian state of Victoria, where the legislature 
has revoked the use of anonymous sperm donors, government assistance and support is 
provided for offspring and donors who wish to make contact, and for parents who wish to 
disclose donor origins to their DI children (Blyth & Frith, 2009; ITA News Release, 
2007). 
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8.3 SUMMARY 
This paper proposed that: 1) conservative interim donor limits be placed on the multiple 
use of open-identity donors while research into the psycho-social impact of disclosure is 
undertaken to inform the establishment of evidence-based limits; and 2) the existing 
limits in jurisdictions where anonymity is still commonly practiced or protected could be 
raised, if an updated mathematical model was used for calculating evidence-based 
anonymous donor limits. 
A letter to the editor was published in Fertility and Sterility (Scheib & Ruby, 2009) in 
response to my first paper (reproduced and discussed in Chapter 3) suggested that because 
many jurisdictions were revoking the use of anonymous donors that limits should be 
primarily based on psychological factors, and secondarily on genetic factors. I responded, 
maintaining that mathematical modelling and determining limits for anonymous donors 
was still useful as there are jurisdictions which still protect the right of the donor to 
remain anonymous  (Sawyer, 2009b). Furthermore, as discussed in the paper reproduced 
in this chapter, if evidence-based limits were calculated in jurisdictions that use 
anonymous donors then limits could possibly be raised in some of those jurisdictions.  It 
was on this basis that I wrote the last of my seven papers which demonstrates, using 
simulations, how donor limits based on local demographic information – such the number 
of available donors and birth rates – could more accurately reflect the local ‘relative risk’. 
This paper is reproduced in Chapter 9. 
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8.4 APPENDIX: PDF of sixth paper as it appears in Human Reproduction  
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CHAPTER 9: LOCALLY-GENERATED DONOR LIMITS 
 
9.1 INTRODUCTION 
In the previous chapter my primary contention was that there is an urgent need to research 
the psychosocial factors that require consideration when informing limits on the use of 
open-identity donors. Furthermore, I suggested that limits on the use of anonymous 
donors could be raised if limits were generated using empirical evidence. The paper 
discussed in this chapter demonstrates how the use of local variable values in a 
mathematical model could eliminate the current ‘one size fits all’ policy regarding donor 
limits and facilitate locally-generated evidence-based limits. 
In 1980, a model to determine the number of half-sibling unions (Y) likely to occur due to 
the multiple use of sperm donors was published in the United States (Curie-Cohen, 1980). 
It was intended to help inform the setting of anonymous donor limits in donor 
insemination (DI). The Netherlands and Taiwan (de Boer et al., 1995; Wang et al., 2007) 
adapted this model, focusing on the coefficient of inbreeding due to DI (FDI), rather than 
Y. National limits were suggested but the significance of generating local limits was not 
emphasized. The objective of this paper is to highlight the importance of using local 
variable values when establishing limits for the average number of DI children per donor 
( n ). The relationship between n  & Y and n  & FDI was compared across jurisdictions by 
graphing data generated from scenarios in which n  was systematically varied across 
values of assortive mating for phenotype (C). The population and state-specific variable 
values determined in 1980 for US states were used to generate the data for the realizations 
in R6 (see Appendix) and graphs were created in Minitab3. The results suggest that there 
is the possibility of a wide variation in donor limits if they are generated at the local level. 
This paper was structured in accordance with the guidelines outlined by Human 
Reproduction, the journal to which it was submitted. In response to my submission the 
Editor-in-Chief stated that although my paper discussed an ‘extremely interesting and 
important question’ he believed that ‘this very well-developed and written manuscript is 
much too theoretical’ for publication in Human Reproduction and invited me to submit an 
executive summary (see App. 9.4.2). 
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9.2 PAPER 7: ‘‘ONE SIZE DOES NOT FIT ALL’: THE CASE FOR LOCALLY-
GENERATED EVIDENCE-BASED LIMITS THAT CONTROL FOR THE ‘RELATIVE 
RISK’ IN DONOR INSEMINATION’ 
In 1980, a geneticist from the University of Wisconsin published a mathematical model 
for estimating the number of half-sibling unions that could result from the multiple use of 
sperm donors in the United States (Curie-Cohen, 1980). In his paper, Curie-Cohen not 
only proposed a model for estimating the number of possible half-sibling unions (Y) to 
inform the setting of sperm donor limits, he also discussed the likelihood of the 
coefficient of inbreeding due to DI (FDI) exceeding half the average population coefficient 
of inbreeding (F) – determined by the proportion of marriages between 1st cousins in the 
population. 
Since then, the Netherlands and Taiwan have adapted Curie-Cohen’s model for use in 
their own jurisdictions and have introduced sperm donor limits based on their own 
calculations and estimates. Researchers in the Netherlands (de Boer et al., 1995) used F as 
their main outcome measure and estimated the average n , or what will be referred to in 
this paper as the ‘tipping-point’ (Gladwell, 2000) (see App.1), at which half the average 
population coefficient of inbreeding (F) would be exceeded by the coefficient of 
inbreeding due to DI (FDI) – the ‘relative risk’ or genetic risk associated with inadvertent 
half-sibling unions resulting from DI (Sawyer, 2009c). In Taiwan, researchers (Wang et 
al., 2007) generated simulated scenarios – using two levels of population F with various 
combinations of the number of effective donors (S), assortive mating for phenotype (C), 
and the average number of DI children per donor ( n ) – to demonstrate the impact of n on 
F. 
In a recent review of published models (Sawyer & McDonald, 2008), another model, 
suggested by Danks (1983) and illustrated using demographic information from the 
Australian state of Victoria, was compared to the models developed for the United States, 
the Netherlands and Taiwan.  In describing their models, all the authors made reference to 
the fact that, due to the variation and complexity of population demographics, local 
calculations were necessary. This was to take into account, among other things, the 
number of locally available donors, population mobility, ethnic diversity and local 
fertility rates (McDonough, 1997). The authors did not, however, elaborate further about 
the ‘relative’ importance of generating these local estimates or emphasize the fact that 
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people are more likely to couple with those living in their local environment; with those 
who share certain characteristics; and with those who are employed in similar 
occupations. They did not discuss the impact that using local calculations would have on 
the setting of local sperm donor limits, or stress how important these local limits are: 1) to 
ensure the optimum use of available donors; and, 2) to provide sufficient protection 
against the ‘relative risk’ associated with the multiple use of donors. 
9.2.1 PREVIOUS MODELS 
Previous models – assumptions and limitations 
In 1980, when Curie-Cohen developed his mathematical model for estimating the number 
of inadvertent consanguineous unions due to the multiple use of sperm donors he assumed 
donor anonymity, and only considered the probability of half-sibling unions (Curie-
Cohen, 1980). In other words, he acknowledged that donor anonymity was protected in 
the United States (US) and, he did not take into account the other possible 
consanguineous unions between a donor inseminated (DI) child and a paternal relative – 
that were subsequently considered in the models developed in the Netherlands and 
Taiwan (de Boer et al., 1995; Wang et al., 2007). Furthermore, unlike the researchers in 
the Netherlands and Taiwan, Curie-Cohen did not emphasize the impact of the multiple 
use of donors on the average population coefficient of inbreeding (F): his focus was on 
calculations for estimating the number of possible half-sibling unions (Y). 
In his 1980 study Curie-Cohen also assumed  that after migration mating was random, 
and that a sperm donor was a physician who had, on  average, f  = 3.3 natural children 
(Hajnal, 1960) and n  = 3.9 DI children (Curie-Cohen et al., 1979). These figures were 
used in the model to calculate m = 11.2, the average number of potential half-sibling 
matings per donor. Another variable was l, the probability that a newborn will reproduce, 
and was estimated to be l = 0.84 (1973). Assortive mating for age was estimated at d = 
0.109, and assortive mating for phenotype at C = 1.44. Data for estimating the number of 
new donors used per year (Si) and assortive mating for geographic location (2*Qi/Ai) – 
where Qi is the proportion of marriages between people born in the same state and Ai is 
the number of children born in each state – was available at the state level, whereas all 
other variable values were national averages (Curie-Cohen, 1980). 
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The most basic form that Curie-Cohen’s model can take is Y = S* m *P where: Y is the 
predicted number of half-sibling unions in a given year; S is the number of new sperm 
donors used in that year; m is the expected number of potential unions between the 
children of a single donor; and P is the probability that a random pair of half-siblings will 
mate. In this simple form of the model variables S and m  relate to the donor, and P is 
relevant to the DI child, where, for a given state or location, P = l* d *C*(2*Q/A).  
Therefore, the value for P should be calculated when the DI children have reached an age 
when they are likely to start reproducing – using demographic information current at that 
time (Sawyer, 2009a). In 1980, however, Curie-Cohen was limited to generating and 
using variable values for both donors (S and m ) and their DI offspring (P) based on data 
gleaned from the same time period. This means that the values he used to calculate P 
pertain to the donor’s generation, rather than to the donor’s children’s generation. 
Fertility rates (l); and assortive mating for age ( d ), phenotype (C) and geography 
(2*Qi/Ai) may well have changed considerably by the time a donor’s offspring commence 
reproducing. 
Written out, the total number of half-sibling matings per year (Y) is approximated to be 
the product of: m ; l; d ; C ; and the sum of Si – the number of new donors used per year 
in each individual state times 2*Qi/Ai – assortive mating for geography in each individual 
state. Rearranged this equates to: Y = 2* m *l* d *C*Σ(Si*Qi/Ai)  
Although his model did later form the basis for the calculations of sperm donor limits in 
The Netherlands (de Boer et al., 1995) and Taiwan (Wang et al., 2007) – where 
essentially the same variables, as well as many of the same variable values, were used – 
significantly, the model has not since been updated or applied in any other country or 
context. To this day, all other jurisdictions that support the use of DI continue to use 
donor limits that have no evidence-base (Sawyer, 2010b; Sawyer & McDonald, 2008). 
Previous model – outdated 
A review of published papers describing models for predicting the possible number of 
half-sibling matings (Sawyer & McDonald, 2008)  has established that, in the case of the 
United States (US) model (Curie-Cohen, 1980), some variables or their values are now 
outdated, are irrelevant or cannot be calculated. The variable values used in the original 
model were based on: 1) United States demographic data from government publications 
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(Bureau of Census, 1973; Department of Health Education and Welfare, 1977a, 1977b) 
and a report on a 1977 survey regarding AID practice in the US (Curie-Cohen et al., 
1979); 2) journal articles (Cavalli-Sforza et al., 1965; Glass, 1960; Hajnal, 1960); and, 3) 
books published between the years of 1956 and 1978, that pertain to the social and 
genetic facets of mating (Finegold, 1964; Rodman, 1965; Schull & Neel, 1972). Some of 
these sources are out-dated or irrelevant: there have been changes in migration and 
fertility patterns in the US over the past 30 years (Egeland, 1997) with more children are 
being born outside of formal marriage arrangements (Sawyer & McDonald, 2008) and  
the profile of the typical donor changing as a result of the commercialization of sperm 
banks – traditionally, most donors were young medical students in pursuit of ‘pocket 
money’ (K. Daniels, 1998; Sylvester & Burt, 2007), but now they come from all sectors 
of the community and can be older men who already have families of their own (Cahn, 
2008; K. Daniels, 2007). Furthermore, because DI now predominantly operates out of 
large centralized sperm banks and clinics (C. Daniels & Golden, 2004; Freeman et al., 
2009; Harmon, 2006); data regarding donors is no longer available at the state level. 
Moreover, changes in how DI is managed (Daniels & Golden, 2004) not only makes it 
impossible to calculate Si for each individual state, but it renders assortive mating for 
geography largely irrelevant because sperm is shipped from one side of the country to the 
other (Cahn, 2008). 
Although the model is no longer suitable for use in the US, other jurisdictions can benefit 
from the insights gained from this current investigation. This is because the United States 
is currently unique in how it manages DI (Janssens, 2009) – in that it transports sperm 
across state borders from centralized banks – but other countries and jurisdictions (a 
number of European countries and some Australian states) still operate in much the same 
way that the US did at the time when Curie-Cohen first developed his model – that is, 
they continue to protect donor anonymity and have relatively local collection and 
distribution of donor sperm. Therefore, despite being outdated (Sawyer & McDonald, 
2008), Curie-Cohen’s model and the original state-based variable values are used, 
analogously, in this current study. The original state based variable values are used to 
illustrate how variation in the average number of DI children per donor ( n ) affects the 
probability of half-sibling unions (P) – at the local (state) level – and the impact this has 
on the average population coefficient of inbreeding (F) and the estimated number of half-
siblings unions per year (Y). 
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9.2.2 OBJECTIVES 
The purpose of this paper is to further examine the findings and recommendations of 
previous research regarding sperm donor limits (Curie-Cohen, 1980; Danks, 1983; de 
Boer et al., 1995; Wang et al., 2007), and to demonstrate the need to use locally-generated 
evidence-based variable values to inform local donor limits. This will be achieved 
through the introduction of a method that graphically compares jurisdictions in regards to 
the ‘relative risk’ associated with the multiple use of sperm donors. A method which can 
be used – in addition to that of FDI exceeding half the average population F – to inform 
the establishment of donor limits at the local level. Simulations are used to generate 
realizations (data) from scenarios – based on a selection of state variable values from 
those generated by Curie-Cohen in his original model – with varying values of average n   
and C. These realizations are used to illustrate how the impact of n  on Y and FDI varies 
between jurisdictions by graphically comparing these differences in ‘relative risk’ and 
establishing where the local ‘tipping-point’ (Gladwell, 2000) – FDI exceeding half the 
average population F – occurs. The impact of varying the value in the model that controls 
for the effect of assortive mating for phenotype (C) is also investigated and finally, the 
importance of maintaining comprehensive donor records at the local level – to inform the 
establishment of locally generated, evidence-based local limits – is highlighted. 
Simulations that compare ‘relative risk’ at the local level 
The ‘tipping-point’ – as described by Curie-Cohen (1980); de Boer et al. (1995); Wang et 
al. (2007); and, McDonough (1997) – is the point at which, due to the multiple use of 
sperm donors, the coefficient of inbreeding due to DI (FDI) exceeds half the average 
coefficient of inbreeding (F) for a population. This can be used to inform the setting of 
donor limits, if values are available. Because local levels for population F are not 
currently available for individual US states, this paper introduces an alternative procedure 
that can specifically compare the difference in ‘relative risk’ between local jurisdictions. 
This alternative method can also be useful for informing decisions regarding maximum 
values for n  at the local level, if local variable values are available – in addition to that of 
FDI exceeding the average population F. This new procedure seeks to demonstrate that 
there is considerable variation between jurisdictions in regard to the point at which the 
number of half-sibling unions (Y) begins to escalate in response to an incrementally 
steady increase in the average number of DI children per donor ( n ). 
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To investigate and compare the difference in ‘relative risk’ between local jurisdictions, 
simulations, using values for Si and Qi/Ai from selected US states will be used to 
illustrate how the number of half-sibling unions (Y) and the coefficient of inbreeding due 
to DI (FDI) will vary between jurisdictions and how then the optimum average number of 
DI children per donor ( n ) will, correspondingly, also vary. The calculations and reported 
results are based on the variables and values from Curie-Cohen’s original model 
computations; with scenarios introduced that vary, both the average number of donor 
children per donor ( n ) and assortive mating for phenotype (C) – as was suggested and 
implemented by Wang (2007). 
The impact of assortive mating for phenotype (C) 
It is the contention of the author that Curie-Cohen underestimated the impact of assortive 
mating for phenotype (C) – the likelihood of an individual being attracted to another 
person because of similarities in their physical, biochemical and psychological makeup. 
This study seeks to demonstrate that C has a significant mediation effect on both Y and 
FDI in regards to the average number of DI children per donor ( n ). In other words, the 
‘relative risk’ described above is not only dependent on population demographics (such 
as: Qi - the proportion of marriages between people born in the same region; Ai – the 
number of births in a given region; and Si – the number of effective donors used in a 
given year in a region) but is also dependant on assortive mating for phenotype (C). 
Furthermore, technological advances in communications, including the emergence of 
Web-based networking and what is known as the ‘small world phenomenon’ (Watts, 
2003) – where any two people in the world are said to be connected by a surprisingly 
small number of acquaintances or ‘steps’ – will only enhance the effect of C and further 
moderate the impact of assortive mating for geography (Q/A). 
The need for sperm donor records 
The primary aim of this investigation is to emphasize the importance of locally generated 
donor limits, based on local variable values. However, to facilitate the generation of local 
donor limits it is crucial that comprehensive records are maintained. Records that 
document the number of donors and live DI births per donor (Sawyer, 2009c) at the local 
level – as well as fertility rates, population mobility and ethnic diversity – so that the 
implementation of local sperm donor limits can be evidence-based and tailored to 
specifically meet local demands. 
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9.2.3 MATERIALS AND METHOD 
Design 
In this current study, n  is systematically varied from five (although this not the lowest 
sperm donor limit in the world – Taiwan has a limit of one –  it is the limit for the 
Australian state of New South Wales) through to 50 (the highest reported number of DI 
offspring for one donor), by increments of one – in conjunction with four values for 
assortive mating for phenotype (C) – to generate realizations (estimates) of the number of 
half-sibling unions per year (Y) likely to occur due to the multiple use of sperm donors. 
Furthermore, the ‘relative risk’ or inbreeding coefficient due to DI (FDI) is determined for 
n =5, 10, 25 and 50 – also across the four levels of C. 
Firstly, the relationship between n and Y at the local level is investigated. The level of n  
and C at which the ‘relative risk’ or value of Y begins to escalate is identified and 
comparisons made between the selected states by graphing the realizations (data) 
generated from scenarios in which n  is systematically varied ( n =5 through to n =50) 
across four values of assortive mating for phenotype (C). Secondly, the impact that n has 
on the difference between FDI and F at the local level is investigated and illustrated by 
creating realizations (data) based on varying the n  (5, 10, 25 and 50) across four values 
of C and plotting the difference between FDI and ½F – to determine the ‘tipping-point’ or 
level of n  and C at which FDI exceeds ½F. The formula used by Curie-Cohen for 
calculating the estimated number of half-sibling unions likely to occur due to multiple use 
of sperm donors, in any given state is: Y=2* m *l* d *C*Si*Qi/Ai and, the formula for 
estimating the inbreeding coefficient in DI children from half-sibling matings, or F due to 
DI, is: FDI = 1/8*( f + n -1)*P/2. 
Method 
Initially, a function (App.3) was written in R (Venables & Smith, 1999-2006) to generate 
realizations for: m , the average number of potential half-sibling mating per sperm donor; 
l, the probability a new born will reproduced; d , assortive mating for age; C, assortive 
mating for phenotype; and values for the variables Si, Qi, and Ai – values used at the local 
level for the number of new donors per year in the region (Si), the proportion of people 
married in the region they were born in (Qi), and the number of births per year in the 
region (Ai). This function was used in all of the simulations. 
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Then, for selected US states, values for the population variables ( m , l, d and C) and 
state-specific variables (Si, Qi, and Ai) – generated by Curie-Cohen in 1980 – as well as 
his calculations for estimating Y and FDI were entered into an R program, to 
systematically generate a data set of realizations with increasing incremental values of 
average n  between five and fifty, inclusive. Graphs were then generated in Minitab to 
illustrate the difference in ‘relative risk’ between states and how Y responds differently to 
changes in the values of n  and C, depending on local values for Si, Qi and Ai. US 
population and state-specific variable values for all states were then entered in EXCEL 
and the FDI for each state was calculated and compared to half the average population F 
for the US. Specific values of n  and C were then used to generate realizations (data) for 
the difference between FDI and ½F and graphs were generated in Minitab to illustrate 
where the difference between FDI and ½F shifted from a positive to negative difference: 
indicating at what point (‘tipping-point’) the local FDI exceeded half the population F for 
the US. 
Setting and data selection 
For the purpose of illustrating the importance of generating local limits for n  the variable 
values for a selection of individual states in the US are taken from the table (App. 2) in 
Curie-Cohen’s paper (1980). Curie-Cohen’s 1980 variable values were used in these 
simulations because there are no recent data available to generate up-to-date variable 
values. This, in itself, testifies to the need to develop an up-to-date model.   The choice of 
states was based firstly, on similarity in donor numbers (Si) but then secondly, on 
differences – in the number of births per year (Ai) and the proportion of marriages 
between people born in the same state (Qi). This was to assist in determining the impact 
of assortive mating for geography (2Qi/Ai) – the probability of an individual marrying 
someone who was born in the same state as they were – on the values of Y and FDI.. The 
variable values from Curie-Cohen’s (1980) original model were then used in the 
simulations, in combination with the values for C that Wang et al. (2007) recommended 
in their adapted model in 2007. Curie-Cohen had only considered assortive mating for 
three traits: IQ; stature; and ear length. However, based on Redden and Allison’s (2006) 
observations, Wang et al. also considered other traits such as: body mass index (BMI); 
total energy intake (per kilogram); depressive symptoms; introversion-extroversion 
personality; uric acid levels; urinary sodium excretion; and systolic blood pressure in their 
calculations for C (Wang et al., 2007). The addition of these traits raises the value of C = 
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1.44 (Curie-Cohen’s value) by an index corresponding to the number of extra factors 
(traits) considered. Wang considered 3, 12, 18 or 24 factors and correspondingly 
generated values of C to be 1.5 (≈ 1.44 3/3), 4.3 (≈ 1.44 12/3), 9 (≈ 1.44 18/3) and 18.5 (≈ 
1.44 24/3). 
First intervention - Systematic simulations for Y 
The first group of simulations systematically generated realizations for Y based on 46 
values (5 to 50) for n , in conjunction with the four values for C (1.5, 4.3, 9 and 18.5). For 
the selected states, Curie-Cohen’s original population variable values for calculating Y 
were programmed into R, to generate the realizations (data). These were then entered into 
Minitab to create line-graphs and scatter-plots of Y on n  that demonstrate how the 
‘relative risk’ or relationship between Y and n varies between the states, and illustrate at 
what values of n  this relationship begins to escalate. The average number of natural 
children per donor was held constant at f  = 3.3; the probability a new born will 
reproduce was held constant at l = 0.84; and, assortive mating for age was held constant at 
d = 0.109. Assortive mating for phenotype was varied to reflect the differing degrees of 
assortive mating proposed by Wang et al. (2007), based on approximations derived from 
indexing Curie-Cohen’s original value of C = 1.44 (1.5 ≈ 1.441, 4.3 ≈ 1.444, 9 ≈ 1.446 and 
18.5 ≈ 1.44 8). Apart from n  = 50 – the highest number of DI children per donor 
discussed in the literature (Blyth et al., 2001), and reported by Curie-Cohen, when 
collating data for his 1980 estimate of Y (Curie-Cohen, 1980) – the values used for 
n include the current donor limits in various jurisdictions around the world (New South 
Wales (5 offspring), the United Kingdom (10 families), and the Netherlands (25 offspring 
per donor)). The comparison between the graphs for the different states is used to 
illustrate the importance of local calculations. An overview of how Y changes in regards 
to the 4 levels of C at specified values of n  is presented in Table I where a comparison is 
made between the results for different states with 31 donors. 
Second intervention – Simulations for FDI 
The second group of simulations examined the impact that increases in n  has on the local 
coefficient of inbreeding due to DI (FDI) and at what point the local value, due to in 
creasing n , exceeds half the average population value for the population coefficient of 
inbreeding (F). In EXCEL the FDI for each US state was calculated and compared to half 
the average population F for the US (population F for individual states, apart from one, 
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was not available). The increase in average FDI – which, in this case includes unions 
between 1st cousins, 1st cousins once removed, and second cousins – is only assessed 
locally for one state, Wisconsin, as this is the only state for which there are relatively 
recent data available (1972-81). The other states are compared to the average F for the 
United States (1959-60) – which again includes unions between 1st cousins, 1st cousin 
once removed, and second cousins. Data for these values were drawn from Roman 
Catholic records (Bittles, 2009). The point at which the state coefficient of inbreeding due 
to DI (FDI) exceeded half the average population inbreeding (F) for the United States was 
illustrated by plotting the differences between F and FDI for each state and determining 
where that value changed from positive to negative. This was done for specific values of 
n  across the fours values for C. An overview of how this difference (F - FDI) responds to 
changes in C at specified values of n  is presented in Table I where a comparison is again 
made between the states with S = 31. 
Outcome measures 
The main outcome measures are: 1) the graphs comparing the difference between the 
selected states regarding the impact of the average number of DI children per donor ( n ) 
on Y and illustrating at what values of n  and C this relationship with Y starts to escalate 
in response to a steady incremental increase in n ; and, 2) the graphs illustrating and 
comparing the average number of n  and values for C where the state FDI exceeds half the 
average population F, as indicated by the point at which the difference (F-FDI) changes 
from a positive to a negative value. 
9.2.4 RESULTS 
The results suggest that there is the possibility of a wide variation in sperm donor limits – 
the optimum maximum average number of DI children per sperm donor n – at the local 
level. Limits that will: 1) prevent the local coefficient of inbreeding due to DI (FDI) from 
exceeding half the population F; and, 2) contain the possible number of half-sibling 
unions (Y). This variation in n does depend on the local availability of sperm donors and 
the value for assortive mating for geography, however the value used in the model for 
assortive mating for phenotype (C) appears to have the largest impact.  
To establish this, the relationship between n , C, Y and the difference between ½ F and 
FDI for three states – Connecticut, Wisconsin and Maine – was investigated and 
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compared. These states were chosen because they each used 31 new sperm donors in the 
year that Curie-Cohen conducted his study and had divergent values for assortive mating 
for geography (2Qi/Ai): Connecticut = 1.6 x 10-5 ; Wisconsin = 1.9 x 10-5 ; and, Maine = 
6.7 x 10-5  (see Table 8).  
Systematic simulation for Y 
The simulations provided some interesting comparisons between the three states (Fig.2 
and App. 5 & 6). As can be observed, because the formula is multiplicative, the estimated 
number of half-sibling unions (Y) does not have a linear relationship with the average 
number of DI children a donor has ( n ).  
TABLE 8. THE RELATIONSHIP BETWEEN n , C &  Y AND THE DIFFERENCE IN F AND FDI FOR  
STATES WITH S = 31 
 
 
State with S = 31 
Connecticut Wisconsin Maine 
Qi = 0.298 &  Ai = 37,018 
2*Qi/Ai = 1.6 x 10-5 
Qi = 0.607 & Ai = 62,544 
2*Qi/Ai = 1.9 x 10-5 
Qi = 0.519 & Ai = 15,604 
2*Qi/Ai = 6.7  x 10-5 
Yi x 10-3 Diff in F x 10-5 Yi x 10-3 Diff in F x 10-5 Yi x 10-3 Diff in F x 10-5 
n = 5 C = 1.5 1.07 2.39 1.30 2.37 4.46 2.08 
 C = 4.3 3.09 2.21 3.73 2.15 12.78 1.3 
C = 9 6.47 1.89 7.80 1.77 26.76 0 
C = 18.5 13.30 1.25 16.05 0.99 55.01 -2.64 
n = 10 C = 1.5 3.01 2.33 3.63 2.29 12.46 1.79 
 C = 4.3 8.60 2.01 10.42 1.91 35.72 0.48 
C = 9 18.09 1.48 21.81 1.27 74.76 -1.71 
C = 18.5 37.19 0.40 44.84 0 153.69 -6.16 
n = 25 C = 1.5 13.96 2.12 16.83 2.04 57.70 0.94 
 C = 4.3 40.03 1.41 48.26 1.19 165.42 -1.96 
C = 9 83.79 0.23 101.02 -0.22 346.24 -6.85 
C = 18.5 172.25 -2.13 207.66 -3.10 711.70 -16.72 
n = 50 C = 1.5 49.30 1.77 59.50 1.62 203.91 -0.48 
 C = 4.3 141.48 0.42 170.59 0 584.56 -6.06 
C = 9 296.12 -1.83 357.00 -2.72 1,223.49 -15.41 
C = 18.5 608.70 -6.41 733.84 -8.24 2,514.97 -34.33 
n ,average number of DI offspring per donor; C, degree of assortive mating for phenotype; Y, number of 
half-sibling unions per year; F, population coefficient of inbreeding; FDI,  coefficient of inbreeding due to 
DI; S, number of new donors used in a given year; 2*Qi/Ai, state values for assortive mating for geography. 
These relatively simple simulations, however, suggest that the way Y changes in response 
to n  and C varies considerably across the states and that the combination of values for n  
and C at which Y start to increase more quickly or to escalate, differs considerably 
between the states. Table 8 gives an overview of the realizations for Y based on 46 values 
(5 to 50) for n over the four values for assortive mating for phenotype (C). For the most 
extreme scenario ( n = 50 and C = 18.5) the possible number of half-sibling unions per 
year ranges from 0.6 in Connecticut (approximately one half-sibling union every 2 years) 
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to 2.5 in Maine (five unions every 2 years). For a jurisdiction that limits the average 
number of DI offspring per donor ( n ) to 25 and uses a value of 9 for assortive mating for 
phenotype, the possible number of half-sibling unions would be: 0.083 (approximately 
one half-sibling union every 12 years) for Connecticut; 0.1 (one union every 10 years) for 
Wisconsin; and, 0.34 (approximately one every 3 years) for Maine. 
(2A)      (2B) 
464136312621161161
0.6
0.5
0.4
0.3
0.2
0.1
0.0
Nu
m
be
r 
of
 h
al
f-
si
bl
in
g 
un
io
ns
 p
er
 y
ea
r 
(Y
) 5025105
Conneticut (1.5)
Wisconsin (1.5)
Maine (1.5)
Conneticut (4.3)
Wisconsin (4.3)
Maine (4.3)
Variable
Connecticut, Wisconsin and Maine (S = 31)
Average number of DI offspring per donor (n)
comparing C = 1.5 and C = 4.3
464136312621161161
2.5
2.0
1.5
1.0
0.5
0.0
Nu
m
be
r 
of
 h
al
f-
si
bl
in
g 
un
io
ns
 p
er
 y
ea
r 
(Y
) 5025105
Conneticut (9)
Wisconsin (9)
Maine (9)
Conneticut (18.5)
Wisconsin (18.5)
Maine (18.5)
Variable
Connecticut, Wisconsin and Maine (S = 31)
Average number of DI offspring per donor
comparing C = 9 and C = 18.5
 
 
(2C)      (2D) 
464136312621161161
1.2
1.0
0.8
0.6
0.4
0.2
0.0
Nu
m
be
r 
of
 h
al
f-
si
bl
in
g 
un
io
ns
 p
er
 y
ea
r 
(Y
) 5025105
Conneticut (1.5)
Wisconsin (1.5)
Maine (1.5)
Conneticut (9)
Wisconsin (9)
Maine (9)
Variable
Connecticut, Wisconsin and Maine (S = 31)
Average number of DI offspring per donor (n)
comparing C = 1.5 and C = 9
464136312621161161
2.5
2.0
1.5
1.0
0.5
0.0
Nu
m
be
r 
of
 h
al
f-
si
bl
in
g 
un
io
ns
 p
er
 y
ea
r 
(Y
) 5025105
Conneticut (4.3)
Wisconsin (4.3)
Maine (4.3)
Conneticut (18.5)
Wisconsin (18.5)
Maine (18.5)
Variable
Connecticut, Wisconsin and Maine (S = 31)
Average number of DI offspring per donor (n)
comparing C = 4.3 and C = 18.5
 
FIGURE 2. The relationship between the average number of DI offspring per donor ( n ), assortive mating 
for phenotype (C), and the number of half-sibling unions per year (Y) for states with 31 new sperm donors 
in a given year (S) 
Figure 2A compares the three states in regards to how Y changes in response to increasing  
n  for values of C = 1.5 and C = 4.3. As can be observed, Maine changes more quickly 
than the other states – across all values of C – and escalates to a Y value of 0.58 
(approximately one half-sibling union every 2 years) for n = 50 at C = 4.3 and even at 
n = 25 the values for Y is 0.16 (approximately one union every 6 years). Figure 1D 
compares the states in regards to C = 4.3 and C = 18.5. Again, for n = 50, Maine has the 
highest number of half sibling unions (five unions every 2 years) at C = 18.5. Even with 
n = 25 and C = 18.5 Maine would produce two unions every 3 years, compared with one 
every 6 years for Connecticut and one every 5 years for Wisconsin. For a state with 31 
new donors with an average of 10 offspring per donor ( n ) the number of half-sibling 
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unions range from 0.003 (one union every 333 years!) for Connecticut with C =1.5 to 
0.153 (one union every 6.5 years) for Maine with C = 18.5. 
Simulations for FDI 
The results from the second group of simulations which examined the impact of n  and C 
on the difference between the average population coefficient of inbreeding (F) and the 
local coefficient of inbreeding due to DI (FDI) are illustrated in Figure 3 and further 
summarized in Table 8 and Appendix 8. 
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FIGURE 3. The relationship between the average number of DI offspring per donor ( n ), assortive mating 
for phenotype (C), and the difference between the population coefficient of inbreeding (F) and the 
coefficient of inbreeding due to DI (F – FDI) for states with 31 new donors in a given year (S) 
In Figure 3 and Table 8 it can be observed that the ‘tipping-point’ or point where the 
difference between population F and F due to DI (F - FDI)  changes from a positive value 
to a negative value – indicating that FDI is larger than the population F – varies 
considerably between the three states. Figure 3A illustrates the scenario when the average 
number of DI offspring per donor is equal to five ( n  = 5) across the 4 values of assortive 
mating for phenotype (C). There is no ‘tipping-point’ for Connecticut and Wisconsin but 
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the difference is zero for Maine at C = 9 and -2.64 x 10 -5 when assortive mating for 
phenotype is equal to 18.5. As the values for average n  increase, the impact of assortive 
mating for phenotype becomes more pronounced. Figure 3C illustrates how changes in C 
impact on the ‘tipping-point’ when n = 25 (as in the Netherlands). Connecticut breaches 
the ‘tipping-point’ where FDI exceeds F at C = 18.5, Wisconsin at C = 9 (-0.22 x 10 -5 ) 
and C= 18.5 (-3.10 x 10 -5) and Maine, when C = 4.3 (-1.96 x 10 -5 ), C  = 9 (-6.85 x 10 -5) 
and at C  = 18.5 (-16.72 x 10 -5 ). 
If the average number of offspring per donor was 50 (cases of donors having upward of 
50 DI offspring have been reported in the US) then the scenario demonstrated in Figure 
2D would be realized and the ‘tipping-point’ breached at C = 9 (-1.83 x 10 -5) and 18.5 (-
6.41 x 10 -5) for Connecticut,  C = 4.3 (zero), C = 9 (-2.41 x 10 -5) and 18.5 (-8.24 x 10 -5) 
for Wisconsin, and at all levels of C in Maine with C = 1.5 (-0.48 x 10 -5), C = 4.3 (-6.06 x 
10 -5), C = 9 (-15.41 x 10 -5) and 18.5 (-34.33 x 10 -5). 
This means that in Maine, if the average number of DI offspring per donor was 50, the 
coefficient of inbreeding due to DI (FDI) would be more than the average population 
coefficient (F) – the ‘tipping point’ would be have been breached – and DI would, in 
effect, be raising the average population F and should be considered a long-term public 
health problem. Furthermore, even if the average number of DI offspring per donor was 
halved and limited to twenty-five ( n  = 25) the ‘tipping point’ is still breached in Maine, 
when C is greater that 1.5. 
9.2.5 DISCUSSION 
Simulations, using population and local state variable values from Curie-Cohen’s 
predictive model (1980), and various values for assortive mating for phenotype (C), as 
suggested by Wang et al. (2007), indicate that the average number of DI offspring per 
donor ( n ) has a significant impact on local ‘relative risk’ – values of FDI  and Y – and that 
impact varies considerably between states. It has been demonstrated that assortive mating 
for phenotype (C) has a significant influence on both Y and FDI at each level of n  and it 
is suggested in this paper that assortive mating for other, non-genetic characteristics – as 
well as for ethnicity – should also be more closely considered when informing the 
establishment of sperm donor limits. 
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In 1980, Curie-Cohen admitted that he ‘probably underestimated’ the number of half-
sibling unions that could occur as a result of the multiple use of donors (Curie-Cohen, 
1980). This was due to a number of reasons, including the fact that assortive mating for 
geography was most likely ‘greater than [he] allowed for’ (Curie-Cohen, 1980) – he 
assumed that, after migration, mating was random. Moreover, he did not factor assortive 
mating for ‘non-genetic’ characteristics (Rodman, 1965) into his model – he did not 
consider that DI recipients and, by extension, their children were likely to be similar in 
‘non-genetic’ characteristics such as socio-economic back-ground and religion 
(McDonough, 1997). Furthermore, only three traits were considered when calculating for 
assortive mating for phenotype (C). Wang et al. (2007) took into account other 
characteristics that were likely to increase the value for C and introduced alternative 
values for C, based on Redden and Allison’s findings (2006). Assortive mating for 
ethnicity also required consideration and in a later study Curie-Cohen observed that, ‘a 
single donor may make a large contribution to a local ethnic community. Intra-marriage 
within such community would result in increased inbreeding’ … ‘In fact several half-
sibling mating have nearly occurred and our data further suggests that inbreeding may be 
more frequent than expected’ (Curie-Cohen et al., 1979). Danks (1983) also stressed the 
need to consider local ethnic grouping when considering ‘effective breeding populations’, 
as did McDonough (1997) and de Boer et al. (1995). 
Assortive mating for actual ‘physical’ geography or location, however, is becoming less 
important. Egeland (1997) – commenting on the possibility of DI families making contact 
with each other – expressed concerns about how this contact would ‘affect future mating 
frequencies’ (Egeland, 1997) and the evolution of preferential mating with respect to 
geography in the future. Now, due to the advent of the World Wide Web, this 
phenomenon – DI families making contact – has been realized through organizations such 
as the Donor Sibling Registry (DSR) in the United States (Freeman et al., 2009), and the 
Donor Conception Support Group (DCSG) in Australia (Blyth & Frith, 2009). Further to 
this, the sharp increase in satellite communication and on-line networking over the last 
few years is making the US, in particular, a very connected ‘community’. People who, 30 
years ago, would need to live in a similar geographical location to make contact with each 
other are now making connections and forming relationships from anywhere in the US 
through the Internet. These connections are based on common interests, occupations and 
lifestyle. Duncan Watts describes in his book, “Six Degrees” (2003) how, although 
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geographical proximity is an important determinant in whether two individuals will meet, 
race, profession, working in the same industry, religion, education, class, pastimes, 
organizational affiliations, and loving the same kind of music may soon be more 
significant in determining who a person will know. ‘Social distances [how connected 
people are, regardless of geography] … emphasizes similarities over differences’ (Watts, 
2003), and all that is needed for two people to share a similar social identity and 
potentially be closely connected is just two dimensions – such as age and occupation. 
These relatively recent observations further emphasize the need to not only directly 
consider assortive mating for phenotype (C) but to take into account assortive mating for 
‘non-genetic’ characteristics – such as the interests, level of education, occupations, and 
lifestyles an individuals pursues – that can be dictated by phenotype or genetic traits such 
as musical ability, athleticism, intelligence (IQ), Body Mass Index (BMI), and right or left 
brain dominance. 
9.2.6 CONCLUSIONS AND RECOMMENDATIONS 
Simulations using selected US state variable values have been used analogously to 
demonstrate the importance of local calculation for determining sperm donor limits. It has 
been shown that a ‘one size fits all’ approach to donor limits can either unnecessarily 
limit donor use in some localities or expose DI offspring to a higher than acceptable risk 
of inadvertent unions with their half-siblings in some other locations.  The results of this 
current investigation also indicate that assortive mating for phenotype (C) is a more 
important consideration than acknowledged by Curie-Cohen and that the combined 
impact of n  and C on Y and FDI vary considerably between the states that were used in 
this investigation. Furthermore, although the results cannot be directly applied to the US – 
now that DI is managed by large centralized clinics – many jurisdictions continue to have 
local donor catchments and can benefit from the insights gained from this study.  
Furthermore, comprehensive, locally maintained and up-to-date donor records are 
essential if evidence-based donor limits are to be calculated using a predictive model 
which is informed by locally generated variable values. Moreover, the values used for 
assortive mating for phenotype (C) require more serious consideration and investigation 
because there are indications that Web-based social networking has the potential to render 
assortive mating for geography (Q/A) irrelevant, and conversely make C an even more 
powerful factor in determining Y and FDI. In other words assortive mating for phenotype 
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could become a very important consideration when establishing limits on the use of 
individual sperm donors, because of the increase in Web-based social networking.  
It is recommended that: 
• Calculations that inform the setting of sperm donor limits need to be performed 
locally using local variable values; 
• Comprehensive and up-to-date donor records need to be established and 
maintained to assist in informing the local calculation of donor limits; 
• Assortive mating for phenotype (C) requires further investigation and serious 
consideration when performing local calculations; and, 
• Although the results cannot be directly applied to the US, many jurisdictions still 
have local donor catchments and can benefit from the insights gained in this 
current investigation. 
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9.2.7 APPENDICES 
APPENDIX 1 
Economists and sociologists use the term ‘tipping-point’ in very different ways to 
epidemiologists. Morton Grodzins first used it in a sociological sense where, by analogy, 
he equated it to the fact that, in physics, a balanced object can topple with just a small 
amount of added weight. He applied the term to the phenomenon of ‘white flight’ in the 
1950s, when, at a particular point in time – the ‘tipping-point’ – white families would 
move ‘en masse’ from a neighborhood when ‘one too many’ black families moved in 
(Grodzins, 1958). Thomas Schelling expanded on his ideas (Schelling, 1971), as did 
Granovetter, when researching the dynamics of group behaviours and the threshold or 
‘tipping-point’ at which the actions of an initial few eventually spills over and ‘infects’ 
the whole group – as when a peaceful demonstration ‘tips over’, and becomes a riot 
(Granovetter, 1978). It is in this sense of ‘contagion’ that the term ‘tipping-point’ is used 
in relation to epidemiology. ‘Tipping-point’ entered the vernacular of epidemiologists 
during the AIDS epidemic and has since been used to describe ‘the point at which an 
ordinary and stable phenomenon … turns into a public health crisis’ (Gladwell, 2000). I 
am using the term ‘tipping-point’ in this paper to describe the point at which the ‘ordinary 
and stable phenomenon’ of inbreeding in a population (F) becomes a ‘public health 
problem’ when inbreeding due to the multiple use of donors in donor insemination (FDI) 
exceeds half the value of the population F. 
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APPENDIX 2 
Curie-Cohen’s (1980) table presenting the US state values for: Si, the number of new 
donors used in a given year; Qi, proportion marriages between people born in the same 
state in a given year; and, Ai, the number of births in that year 
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APPENDIX 3  
 
The R program  (Venables & Smith, 1999-2006)  use in all the simulations: 
 
cohen<-function(para.vec,S,Q,A) 
 
{ 
 m<-para.vec[1] 
 l<-para.vec[2] 
 d<-para.vec[3] 
 C<-para.vec[4] 
  
SumB<-0 
 n.loc<-length(S) 
  
B<-vector(length=n.loc) 
 for(i in 1:n.loc) 
  
{ 
  B[i]<-S[i]*Q[i]/A[i] 
  SumB<-SumB+B[i] 
 } 
  
Y.cohen<-2*m*l*d*C*SumB 
 Y.cohen 
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APPENDIX 4  
Example of the R program used to systematically vary the value for n , number of DI 
offspring per donor (5 to 50), for the state of Alabama at C = 4.3.  
 
sys.n<-C(3:50) 
var.sys.n<-(sys.n*2) 
F<-3.3 
sys.m<-1/4*(var.sys.n+sys.n^2-sys.n)+sys.n*F/2 
l<-0.84 
d<-0.109 
C<-4.3 
Y<-vector(length=sys.n) 
S<-C(43)                 
Q<-C(0.466) 
A<-C(58972) 
for(i in 1:length(sys.n)) 
{ 
sys.m[i]<-1/4*(var.sys.n[i]+sys.n[i]^2-
sys.n[i])+sys.n[i]*F/2 
    para.vec<-C(sys.m[i],l,d,C) 
    Y[i]<-cohen(para.vec,S,Q,A) 
 }  
summary(Y) 
summary(sys.n) 
summary(sys.m) 
 
Alabama<-data.frame(Y=Y,n=sys.n,m=sys.m) 
Yonn<-lm(Y~n,data=Alabama) 
summary(Yonn) 
lrf<-lowess(Alabama$n,Alabama$Y) 
plot(Alabama$n,Alabama$Y) 
abline(coef(Yonn)) 
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APPENDIX 5 
Line-graphs comparing the impact of assortive mating for phenotype (C) on Y, the 
number of half-sibling unions per year, for the individual states: Connecticut, Wisconsin 
and Maine with S = 31 (number of new donors used). 
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APPENDIX 6 
Scatter-plots comparing the results for Y, the number of half-sibling unions per year, for 
the three state: Connecticut, Wisconsin and Maine with S = 31, across the four levels of 
assortive mating for phenotype (C). 
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APPENDIX 7 
Scatter-plots illustrating how the difference between the population coefficient of 
inbreeding (F) and the coefficient of inbreeding due to DI (FDI)  shifts for a positive to 
negative difference as the average number of  DI offspring per donor ( n ) and C, assortive 
mating for phenotype,  increase for states with S = 31. 
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Diff 5/9 Diff 5/18.5
Difference between population F and F due to DI for n=5
C = 1.5, 4.3, 9 and 18.5
US states in descending order according to Differences
State 22 = Connecticut, 30 = Wisconsin and 48 = Maine
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0
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0
-4
-8
-12
483624120
0
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-8
-12
22 30 48
0
Diff 10/1.5 Diff 10/4.3
Diff 10/9 Diff 10/18.5
Difference between population F and F due to DI for n=10
C = 1.5, 4.3, 9 and 18.5
US states in descending order according to Differences
State 22 = Connecticut, 30 = Wisconsin and 48 = Maine  
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-12
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-24
22 30 48
0
Diff 25/1.5 Diff 25/4.3
Diff 25/9 Diff 25/18.5
Difference between population F and F due to DI for n=25
C = 1.5, 4.3, 9 and 18.5
US states in descending order according to Differences
State 22 = Connecticut, 30 = Wisconsin and 48 = Maine
State
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0
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0
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-24
-36
-48
483624120
0
-12
-24
-36
-48
22 30 48
0
Diff 50/1.5 Diff 50/4.3
Diff 50/9 Diff 50/18.5
Difference between population F and F due to DI for n=50
C = 1.5, 4.3, 9 and 18.5
US states in descending order according to Differences
State 22 = Connecticut, 30 = Wisconsin and 48 = Maine  
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9.3 SUMMARY 
The results from the simulations described in this paper suggest that there is the 
possibility of a wide variation in donor limits if generated at the local level and indicate 
that assortive mating for phenotype (C) has a large influence and is a more important 
consideration than acknowledged by Curie-Cohen (1980). Although the results from 
using Curie-Cohen’s model cannot be directly applied to the US, now that its DI industry 
operates out of large centralized clinics, many jurisdictions still have local donor 
catchments and can benefit from the insights gained from this study.  The American 
Society for Reproductive Medicine (ASRM) has suggested, however, that the guidelines 
advising a limit of 25 offspring per 800,000 residents ‘may require modification if the 
population using donor insemination represents an isolated subgroup or if the specimens 
are distributed over a wide geographic area’ (ASRM Practice Committee, 2006). 
Furthermore, there are indications that Web-based social networking – in conjunction 
with greater geographical mobility of the population and the ability to purchase sperm 
from anywhere in the country – has the potential to render assortive mating for geography 
much less relevant and conversely, make C an even more powerful factor in determining 
Y. It is recommended that if calculations are to be based on locally generated variable 
values, records need to be maintained at the local level to inform the calculation of local 
variable values for the predictive model. Furthermore, the values used for C require more 
serious consideration and investigation - in recognition of the potential impact that Web-
based social net-working will have on both C  and Q/A, assortive mating for geography.  
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9.4. APPENDIX: PDF of Response from Editor-in-Chief of Human Reproduction, 
received Feb 2, 2010. 
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CHAPTER 10: FINAL CONCLUSIONS AND RECOMMENDATIONS  
 
The primary aim of the current research was to investigate the factors that require 
consideration when determining sperm donor limits to control for the ‘relative risks’ 
associated with the multiple use of donors in donor insemination.  
Before outlining the major findings it is worthwhile to note that there were three 
limitations to this research. 1) Estimates and calculations for the variable values used in 
Curie-Cohen’s model, as well as statistics regarding ART and DI, could only be based on 
available data. For instance, the most recent data regarding ART practice world-wide are 
the World Collaborative Report on Assisted Reproductive Technology, 2002 (de Mouzon 
et al., 2009) and the International Federation of Fertility Societies (IFFS) Surveillance 
2007 (Jones et al., 2007). The most recent information regarding ART practice in 
Australia and New Zealand is from the Assisted Reproduction Technology in Australia 
and New Zealand 2007 report. 2) There was the need to rely on the honesty and accuracy 
of ART and DI providers when supplying information to the surveillance authorities in 
the surveys described above, as well as authorities in the United States – the American 
Society for Reproductive Medicine (ASRM); in Europe – the European Society of Human 
Reproduction (ESHRE); and, in Australia and New Zealand – the Reproductive 
Technology Accreditation Committee (RTCA) and Perinatal and Reproductive 
Epidemiology Research Unit (PRERU). 3) The first paper was published on-line in 
Fertility and Sterility in early 2008 and since then some of the reported statistics are 
outdated3,4. This also applies to some of the statistics reported in the second paper 
(submitted to Fertility and Sterility in 2007) outlined in Chapter 4. 
The key findings from this thesis by publication are: 1) previous models used for 
informing anonymous donor limits are outdated (Sawyer & McDonald, 2008); 2) some of 
the variables and their values from the previous models cannot be used to generate limits 
for the present-day (Sawyer, unpublished manuscript); 3) there are no comprehensive 
records of donors and their offspring available for informing evidence-based limits on 
donors at either the local or federal level in either the United States or Australia (Sawyer, 
2009a, 2009c); 4) legislation mandating a registry that records all DI information 
regarding donors and their offspring is in the public interest (Sawyer, 2010a); 5) there is 
limited research knowledge regarding the ‘relative risk’ – possible negative impact on 
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relationships within the DI family network – associated with the increasing use of open-
identity donors (Sawyer, 2010b); 6) the ‘relative risk’ – the likelihood of inadvertent half-
sibling mating – associated with the multiple use of  anonymous sperm donors varies 
considerably between local jurisdictions (Sawyer, unpublished manuscript); and, 7) 
although many jurisdictions have legislated that only open-identity donors can be used, 
others support the use of both  anonymous  and  open-identity donors, while others 
continue to mandate the use of anonymous donors  (Sawyer, 2010b). 
Over the course of this research project I have identified the factors that require 
consideration when determining sperm donor limits in DI: 1) there is a need to generate 
donor limits that are informed by not only the genetic risks associated with the multiple 
use of anonymous donors but by the possible, but yet unknown, psychosocial risks 
associated with the multiple use of open-identity donors; 2) there are the complex trade-
offs that now need weighing up with the ‘rights’ and ‘well-being’ of multiple stake-
holders fuelled by the revocation of anonymity; and, 3) jurisdictions that provide DI 
services fall into one of three groups – those that mandate the use of open-identity donors,  
those that mandate the use of anonymous donors, and those that regulate through the use 
of guidelines and support the use of  both  anonymous and  open-identity  donors. I 
believe that each group requires a distinct approach to generating limits.  
 Because of the psychological and sociological complexities introduced by the revocation 
of donor anonymity the consideration of stakeholder interests in regards to the setting of 
sperm donor limits has significant implications for this research. Prior to the revocation of 
anonymity limits on the multiple use of sperm donors were put in place to reduce the 
likelihood of DI offspring inadvertently mating with a half-sibling. This was to safeguard 
the ‘best interests’ of both the DI offspring and their offspring by protecting them from 
the ‘relative risks’ associated with inadvertent inbreeding – such as the genetic disorders 
that are more likely to occur in children from parents who are half-siblings. The 
revocation of anonymity, however, has introduced a new level of complexity in regards to 
‘relative risks’ and whose ‘best interests’ sperm donor limits will safeguard. The human 
rights movement has defended the right of DI children to know their biological origins 
and for single and lesbian women to have access to DI treatment. Academics and 
professionals from many disciplines have also supported the expressed desire of DI 
offspring to know their biological heritage and the changing social, political and 
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technological landscape which has enabled single and lesbian women to access DI 
treatment. The revocation of anonymity now means that not only the ‘best interests’ of DI 
children and their offspring need be considered, but the ‘best interests’ of multiple 
stakeholders within in the DI system – including the sperm providers, donors, recipient 
parents, and DI offspring and their children – need to be taken into account when 
establishing donor limits. More so than ever donors, recipient families and their DI 
children are all committed to a ‘lifetime membership’ in the DI community. Trade-offs 
between conflicting rights – such as privacy and disclosure – may need to be entered into, 
to preserve a balance between competing interests.  
With the revocation of anonymity there has been a reduction in the number of sperm 
donors and this, coupled with the opening up of access to ART to single and lesbian 
women, means that treatment providers are faced with an increasing demand for donor 
sperm in an environment of decreasing availability (Wang et al., 2007). This situation 
could lead to the temptation to exploit already stretched resources by increasing the 
multiple uses of available sperm donors. There is therefore a very real need for research 
into what regulation is needed and the establishment of empirically-based criteria for 
setting limits on the use of available sperm donors and curbing the ‘relative risk’  
associated with their multiple use. For the sperm donors themselves, the establishment of 
consistent regulation and the implementation of empirically-based limits will protect them 
from being overused and not allow the number of potential genetic connections extend 
beyond which they can reasonably maintain. For the recipient families the revocation of 
anonymity may mean that they need to find their own donors, enter into a reciprocity 
program or face extended waiting times for access to donor sperm. However, the 
establishment of consistent regulations based on empirical evidence will protect them 
from concern about having too many familial relationships to manage. For the donor-
conceived people themselves, the revocation of anonymity potentially means, that if they 
so wish, they will have access to the identity of not only their biological father but also 
potentially numerous half-siblings. Consistent regulation and scientifically based limits 
on the use of donor sperm – which is the primary focus and principal contention of this 
research (Sawyer, 2010a) – will not only protect their right to knowledge of their genetic 
heritage and their freedom to know their donor father but also protect them from being 
overwhelmed by the complexity of genetic links within the DI community. 
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One of the most important implications of the revocation of anonymity and the right of 
donors and their donor-conceived offspring to initiate contact is that it is more important 
than ever to have a consistent and regulated ART industry. This is to provide protection 
for the rights of donors, their offspring and their respective families. I believe that this 
research has established that there is the need to implement legislation mandating that 
comprehensive records be kept regarding both anonymous and open-identity donors and 
their offspring at the local and national level. If the factors that require consideration 
when determining sperm donor limits are to be properly considered then these 
comprehensively maintained DI records are essential. Records that document when, 
where and how many times a donor has donated and the number of DI offspring he has 
fathered, as well as who they are and where they live, will mean that: 1) an adjustment 
can be made to the existing model in regards to changing demographic, fertility and 
marriage patterns – to enable the calculation of locally-generated evidence-based limits in 
jurisdictions that continue to mandate the use of anonymous sperm donors; 2) research 
can be conducted into the psychosocial considerations necessary for the implementation 
of locally-generated evidence-based limits for open-identity donors in jurisdictions that 
have revoked anonymity; and, 3)  a ‘new’ model can be developed that includes 
instrumental variables that takes into account the psychosocial impact of using open-
identity donors so locally-generated evidence-based ‘all-inclusive’ donor limits can be 
implemented in jurisdictions that use both anonymous and open-identity donors. Although 
it is preferable to generate local limits, in the US – a jurisdiction that supports the use of 
both anonymous and open-identity donors – this is impossible due to the sale of donor 
sperm over the internet and the consequent shipping of sperm across state borders. 
However, to keep track of donors and their DI offspring there is still a need for sperm 
banks and clinics to keep comprehensive and up-to-date records that document when, 
where and how often men donate, how often they are used, and how many children they 
father. 
Limits on the use of open-identity sperm donors need to reflect the number of genetic 
connections that members within the DI community can be expected to manage. There is 
therefore an urgent need to conduct research into the psychosocial ramifications of using 
open-identity donors, establish criteria on which to base donor limits, and determine what 
is required in the interim – while this research is undertaken – to safe-guard the well-
being of DI offspring, their families and their donor (Sawyer, 2010b). Furthermore, once 
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research has established what the psychosocial implications of revocation are, the 
inclusion of instrumental variables  (Greenland, 2000; Lloyd, 2007) into a mathematical 
model that will reflect these complex psychosocial issues – for use in jurisdictions that 
support the use of both  anonymous  and  open-identity  donors – is a subject that requires 
investigation and research. Modelling and simulation2 will assist in the development of a 
new, improved, internationally applicable mathematical model – to generate ‘all-
inclusive’ donor limits that control for the ‘relative risks’ associated with the multiple use 
of donors in jurisdictions that continue to mandate donor anonymity or support the use of 
both anonymous and open-identity donors. The new model will take into consideration 
psychosocial and cultural factors that will impact on the practical application of a model, 
now that the use of open-identity donors is becoming more common. These factors will 
take into account the implications of using open-identity donors on the interests of all 
stakeholders – donors, recipient parents, treatment providers and the donor child – by 
considering: 1) the prevailing motivation for donation and attitudes towards disclosure 
within donor cohorts (Ripper, 2008; Yee, 2008); 2) the prevailing community values and 
legislation regarding marriage and the definition of family (Consultation Paper, 2003; 
Dempsey, 2006); 3) the recruitment of donors (Godman et al., 2006) and the 
consequences of payment for ‘donation’ on the cohort of possible donors (Shenfield, 
1999); and, 4) the ease and likelihood of offspring accessing the identity of their donor 
(Elster, 2007; Scheib & Cushing, 2007). 
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ENDNOTES 
 
1.  ‘Relative risk’ in this thesis refers to any of the genetic or psychosocial risks 
associated with the multiple use of anonymous or open-identity sperm donors in donor 
insemination.  
2. Mathematical modelling and simulation, both randomized and systematic, is widely 
utilised in epidemiological investigations (Ackerman, 1994; Focks, Daniels, Haile, & 
Keesling, 1995; Patten, 2007; Peduzzi, Concato, Kemper, Holford, & Feinstein, 
1996). In particular Monte Carlo simulation methods, which as the name suggests is 
based on generating random numbers to solve problems, have been used, for instance, 
to produce more accurate and inclusive results and help increase the power of 
detecting a gene-environment interaction in a  family study of breast cancer and help a 
vaccine program, in Gambia, reduce the incidence of Hepatitis B (Gilks, Richardson, 
& Spiegelhalter, 1995). It has been used to improve the understanding of the risk of 
introducing classical swine fever (CSF) and foot-and-mouth disease (FMD) into The 
Netherlands (Horst, Dijkhuizen, Huirne, & Meuwissen, 1999) and to permit the 
generation of a population-based simulation of an intravenous drug user community 
and provide great flexibility in creating realistic social structures to assist in 
describing the needle-sharing network of drug users (Peterson, Willard, Altmann, 
Gatewood, & Davidson, 1990). 
3. Minitab is a statistics package developed in 1972 by the Pennsylvania State 
University. 
4. These values have changes since the publication of this paper to be ‘4 millions babies 
… over the last 35 years, with about 250,000 currently being born each year’ 
(ESHRE, 2009). 
5. Table 1 has been updated since the publication of this paper to show that the 
recommended donor limit in the US is now 25 offspring per 800,000 residents  
(ASRM Practice Committee, 2006). 
6. The R program is an open-source integrated suite of software facilities for data 
manipulation, calculation and graphical display (Becker, Chambers, & Wilks, 1988). 
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APPENDIX  
THE R PROGRAMMING LANGUAGE 
The simulations performed for the seventh paper, described in Chapter 9, were performed 
using the program language R (Becker et al., 1988). This program is an open-source 
integrated suite of software facilities for data manipulation, calculation and graphical 
display. 
WHY R WAS CHOSEN 
Among another things, R is a program that has an effective data handling and storage 
facility; a suit of operators for doing calculations on arrays, particularly matrices; a large, 
coherent and integrated collection of intermediate tools for data analysis; graphical 
facilities for data analysis and display and a well developed, simple programming 
language called ‘S’. Most programs written in R are for a single piece of data analysis and 
the suite is very useful for newly developing methods of interactive data analysis. R is an 
implementation of the S language which was developed at Bell Laboratories by Rick 
Becker, John Chambers and Allan Wilks (1988). It also forms the base for the S-Plus 
systems (Venables & Smith, 1999-2006). 
Many people use R just as a statistics system but the authors of R prefer to describe it as 
an environment within which many classical and modern statistical techniques can be 
implemented.  A few of these techniques are built into the base R environment but many 
are made available as ‘packages’. There are about 25 ‘standard’ or ‘recommended’ 
packages supplied, automatically, with R but there are many more available through the 
Comprehensive R Archive Network (CRAN) family of internet sites. Most classical 
statistics and much of the latest methodology is available for use with R, but users may 
need to be prepared to do a little work to find it (Venables & Smith, 1999-2006). 
R was chosen because there is an important difference in philosophy between S (thus R) 
and other main statistical systems. In S a statistical analysis is normally done as a series of 
steps, with intermediate results being stored in objects. So, where SAS and SPSS give 
copious amounts of output, R will give minimal output and store the results in an object 
suitable for further investigation using R functions (Venables & Smith, 1999-2006). This 
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is a very important consideration in regards to the current project in that the results and 
outputs are minimal and stored for further adaptation and exploration.  
HOW R WORKS 
The most convenient way to use R is at a graphics workstation running a windowing 
system and when you use the R program it issues a prompt when it expects input 
commands. The default prompt is ‘>’. Technically R is an ‘expression language’ with 
very simple syntax. It is ‘case sensitive’, so ‘A’ and ‘a’ are different symbols and would 
refer to different variables. Elementary commands consist of either ‘expressions’ or 
‘assignments’. If an expression is given as a command, it is evaluated, printed, and the 
value is lost. An assignment also evaluates an expression and passes the value to a 
variable but the result is not automatically printed. ‘Comments’ can be put almost 
anywhere, starting with a hash mark (“#”), everything to the end of the line is then a 
comment (Venables & Smith, 1999-2006). 
THE CREDENTIALS AND UTILITY OF R 
R is a language and environment for statistical computing and graphics. It is a GNU 
project (a computer operating system comprised entirely of free software) which is 
similar to the S language and environment which was developed at Bell Laboratories. R 
can be considered as a different implementation of S. There are some important 
differences, but much code written for S runs unaltered under R. It provides a wide 
variety of statistical and graphical techniques, and is highly extensible. The S language is 
often the vehicle of choice for research in statistical methodology, and R provides an 
Open Source route to participation in that activity. One of R's strengths is the ease with 
which well-designed publication-quality plots can be produced, including mathematical 
symbols and formulae where needed. (CRAN, 2007). 
R is gaining popularity among psychologists currently teaching statistics and is utilized as 
a statistical language and data analysis tool. It is especially suitable for teaching advanced 
topics and it’s use is encouraged because it is free, supported by a network of peer 
researchers, and covers both basic and advanced topics in statistics frequently used by 
psychologists (Li, 2006).  
According to a software developer at IBM and a mathematician at the University of 
Colorado (Mertz & Huntting, 2004), the R environment is not intended to be a 
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programming language per se, but rather an interactive tool for exploring data sets and the 
generation of a wide range of graphic representations of data properties. They state that 
both the generated graphics and the steps taken during a session can be saved for later 
use, to be picked up in the working environments, per project, where they have been left 
off. By default, R commands are saved in a session history, but they can also be saved in 
sequences of instructions in .R files that can be sourced () within a session (Mertz & 
Huntting, 2004).  
Micah Altman, the Associate Director of the Harvard-MIT Data Center, Faculty of Arts 
and Sciences, Harvard University and Senior Research Scientist of the Institute of 
Quantitative Social Science, Faculty of Arts and Sciences, Harvard University in his 
Guide to Free Statistical Software, advises students to start with the R Statistical 
Language which he describes as the open source statistical language of choice for most 
tasks. Based on the ‘S’ language with thousands of contributed packages (Altman, 2007). 
Marc Scott is an Assistant Professor in the Department of the Humanities and Social 
Sciences in the Professions in NYU’s Steinhardt School of Education and he states his 
reasons for using R: 
“The statistical languages S-PLUS and R grew out of the exploratory data 
analysis community that John Tukey and others built [John Tukey was a 
statistician who made significant contributions to statistics and science 
during his career at Bell Laboratories and Princeton, and as a consultant to 
government and industry]. At this point, nearly any statistical technique that 
you might want to employ is available for R as a downloadable library, 
making R not only a good environment for visualizing your data (it certainly 
is this), but also a great tool for estimating and evaluating simple to very 
complex models. As a reasonably high-level programming language, R 
makes it easy to run regressions, plot data, and so on, but one could also use 
SAS or SPSS for that. Perhaps one way to understand the difference is that 
in SPSS, if you want to fit a loess (local polynomial) smooth to an X-Y plot, 
you have to double-click on the simple plot, click on a data point, and pull 
down a menu item “add (loess) regression line” to the plot. In R, you simply 
add lines to the first plot based on a call to the function loess; once you know 
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how to add lines, you can add any type of line, and shade or colour the line 
in unique ways.  
In SPSS, you must rely on the software vendor to provide the functionality 
you need, but R is extensible—you can build routines of your own—and this 
is what really sets the program apart. SAS has an IML and macro facility 
that could be used in this manner, and STATA has a decent programming 
language as well, but in R, one is simultaneously writing functions and using 
them. Even the data are just another object that you can manipulate in your 
working environment. An additional reason I like R is that there is a large 
user community and a well-maintained archive of FAQs and other 
documentation that is readily available” (LoPesti, Norman, & Scott, 2006). 
Robert Norman, an Adjunct Assistant Professor of Humanities and Social Sciences in the 
Professions at NYU’s Steinhardt School of Education, gives his reasons for using R: 
“The R environment for statistical computing and graphics provides a unique 
programming environment in which to conduct research into new statistical 
methods as well as in the application of advanced methods. Its 
comprehensive programming language (S) has provided a platform for the 
development of a permutation-based method of evaluating inter-rater 
agreement under conditions in which standard measures are inappropriate, 
and for the development of linear mixed models of growth and decline in 
lung function, incorporating a random, unknown change point between these 
phases. While these developments would have been possible with other 
systems, they were much simpler and more rapid in R, due to its 
comprehensive mathematical and probability capabilities.  
In addition to development, R provides a comprehensive collection of over 
600 add-on packages that provide well known, classical statistical methods, 
as well as those on the cutting edge of research. In a recent application of 
survival analysis modelling techniques in the description of human sleep 
continuity, some of the techniques we used were available in a minority of 
the existing commercial statistics packages. In R, however, all of the models 
were readily available and easily applied. In addition, S simplified the 
development of functions necessary to process the data for analysis. While 
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the R system may have a steeper learning curve than other statistical 
packages, it rewards its adherents with a power, simplicity, and clarity that is 
difficult to find elsewhere. It is well worth the effort to learn it”. (LoPesti et 
al., 2006). 
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